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(54) Driving control apparatus for industrial vehicle 



(57) An industrial vehicle includes a transmission, 
which is coupled to an engine by a torque converter. 
When the vehicle is accelerating, the rotational acceler- 
ation of driving wheels is computed based on the rota- 
tional speed of the driving wheels. A traction control 
procedure is executed based on the rotational accelera- 
tion for eliminating spinning of the driving wheels. When 
the vehicle is decelerating, the rotational deceleration of 



the driving wheels is computed based on the rotational 
speed of the driving wheels. An anti-lock brake control 
procedure is executed based on the rotational decelera- 
tion for preventing the driving wheels from locking. As a 
result, skidding of the driving wheels is reliably pre- 
vented by a simple structure. 




FigJ 



40 



1 



EP 1 093 d86 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a driving 
control apparatus for an industrial vehicle that includes 
a torque converter between an engine and a transmis- 
sion. 

[0002] Japanese Unexamined Patent Publication 
No. 10-151974 discloses an industrial vehicle that 
includes a torque converter between an engine and a 
transmission. The torque converter has an input shaft, 
which is coupled to the engine, and an output shaft, 
. which is coupled to the transmission. The. torque con- 
verter continuously varies the rotational ratio between 
the input shaft and the output shaft in accordance with 
the load on the output shaft. The torque converter and 
the transmission form an automatic transmission. 
[0003] The vehicle of the publication does not 
include a clutch pedaL Basically, the vehicle is control- 
led by manipulating an acceleration pedal, a brake 
pedal and a shift lever for changing the moving direction 
of the vehicle. Since the vehicle has no clutch pedal, an 
operator need hot actuate a clutch pedal, which 
requires subtle manipulation. The vehicle can be there- 
fore easily operated by an Inexperienced operator. 
[0004] Compared to ordinary passenger cars, a 
typical industrial vehicle such as a forklift receives a 
great load on the wheels. Therefore, skidding of the 
wheels due to acceleration or braking wears the wheels 
and marks the road surface. 

[0005] To avoid such disadvantages, traction con- 
trol and anti-lock brake control, which have been used 
for ordinary passenger cars, may be used for industrial 
vehicles. This will prevent the wheels from spinning 
when the vehicle is accelerating and from locking when 
braking the vehicle. Hereinafter, traction control will be 
refen-ed to as TRC control and anti-lock brake control 
will be refen-ed to as ABS control. TRC control and ABS 
control, together with an automatic transmission, facili- 
tate driving of industrial vehicles. 
[0006] However, systems for TRC control and ABS 
control for ordinary passenger cars include multiple 
sensors for detecting skidding of wheels such as a.sen- 
sor for detecting the speed of driving wheels and a sen- 
sor for detecting the speed of driven wheels. Further, 
the system needs many other special devices such as 
an actuator for controlling the brakirig force, which 
increases the cost Unlike ordinary passenger cars, an 
industrial vehicle runs at twenty kilometers per hour at a 
maximum and is used in a different environment and dif- 
ferent conditions. Thus, considering the cost and the 
suitability, TRC control and ABS control for ordinary 
passenger cars cannot be used in industrial vehicles 
without adjustment. 

[0007] Some types of forklifts that have an auto- 
matic transmission can perform direction switching. 
Direction switching refers to switching a shift lever while 



the vehicle is running for switching the moving direction 
of the vehicle. Direction switching permits the vehicle to 
start moving in a direction that is opposite to the current 
moving direction after temporarily stopping without 

5 manipulating a brake pedal. 

[0008] During the direction switching, the wheels 
must be stopped without being locked and then must be 
started in the opposite direction without spinning. 
Therefore, there is a demand for an inexpensive system 

10 that reliably prevents wheels from skidding when the 
moving direction is switched. 

SUMMARY OF THE INVENTION 

15 [0009] Accordingly, in an industrial vehicle that uses 
an automatic transmission, it Is an object of the present 
invention to provide a driving control apparatus that per- 
fonns TRC control and ABS control, which are suitable 
for industrial vehicle, thereby preventing the wheels 

20 from skidding with a simple structure. 

[0010] To achieve the foregoing and other objec- 
tives, the present invention provides an industrial vehi- 
cle including an engine, a torque converter, a 
transmission coupled to the engine by the torque con- 

25 verter. and a driving wheel. The driving wheel is rotated 
by power that is transmitted from the transmission. A 
hydraulic brake. brakes the driving wheel. The hydraulic 
brake generates a braking force, the magnitude of 
which corresponds to a hydraulic pressure applied to 

30 the hydraulic brake. A brake valve adjusts the hydraulic 
pressure applied to the hydraulic brake. A brake actua- 
tor is moved by a human operator to actuate the hydrau- 
lic brake, A sensor detects the rotational speed of the 
driving wheel. A controller controls the brake valve such 

35 that the hydraulic brake brakes the driving wheel with a 
force of a normal value, which corresponds to a force 
applied to the brake actuator. The controller computes 
the rotational deceleration of the driving wheel while 
braking based on the detected rotational speed. When 

40 the computed rotational deceleration exceeds a prede- 
temnined deceleration detemnination value, the control- 
ler controls the brake valve such that the braking force 
of the hydraulic brake is set to a limit value, which is 
smaller than the normal value. 

45 [0011] The present invention also provides an 
industrial vehicle including an engine, a torque con- 
verter, a transmission coupled to the engine by the 
torque converter, and a driving wheel. The transmission 
includes a forward clutch, which is engaged when the 

50 vehicle is moving fonward, and a reverse clutch, which is 
engaged when the vehicle is moving backward. The 
driving wheel is rotated by power that is transmitted 
from the transmission. A sensor detects the rotational 
speed of the driving wheel. A controller controls the 

55 engine and computes the rotational acceleration of the 
driving wheel when the vehicle is accelerating based on 
the detected rotational speed. When the computed rota- 
tional acceleration exceeds a predetenmined accelera- 
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tion determination value, the controller controls the 
engine output to limit the power transmitted to the driv- 
ing wheel. 

[0012] The present invention also provides an 
industrial vehicle having an engine, a torque converter, 5 
a transmission coupled to the engine by the torque con- 
verter, a fonward clutch valve, a reverse clutch valve and 
a driving wheel. The transmission includes a hydraulic 
forward clutch, which is engaged when the vehicle is 
moving forward, and a hydraulic reverse clutch, which is io 
engaged when the vehicle is moving backward. Each 
clutch produces an engaging force, the magnitude of 
which corresponds to a hydraulic pressure applied to 
the clutch. The forward clutch valve controls the hydrau- 
lic pressure applied to the forward clutch. The reverse is 
clutch valve controls the hydraulic pressure applied to 
the reverse clutch. The driving wheel is rotated by 
power that is transmitted from the transmission. A sen- 
sor detects the rotational speed of the driving wheel. A 
controller controls the clutch valves and computes the 20 
rotational acceleration of the driving wheel when the 
vehicle is accelerating based on the detected rotational 
speed. When the computed rotational acceleration 
exceeds a predetermined acceleration determination 
value, the controller decreases an engaging force of 25 
one of the clutches that con*esponds to the moving 
direction of the vehicle for decreasing the power trans- 
mitted to the driving wheel by controlling the corre- 
sponding clutch valve. 

[0013] The present invention further provides an 30 
industrial vehicle having a drive source, a differential, 
and a pair of driving wheels coupled to the drive source 
by the differential. The differential permits the rotational 
speeds of the driving wheels to differ. A brake for brakes 
the driving wheels. A skid detector detects skid values, 35 
each representing the degree of skidding of one of the 
driving wheels. A controller controls the drive source or 
the brake for eliminating skidding of the driving wheels 
based on the greater of the detected skid values. 
[001 4] The present invention yet further provides an 40 
industrial vehicle having an engine, a torque converter, 
a transmission coupled to the engine by the torque con- 
verter, a differential, and a pair of driving wheels. The 
transmission includes a hydraulic fonA^ard clutch, which 
is engaged when the vehicle is moving fonward, and a 45 
hydraulic reverse clutch, which is engaged when the 
vehicle is moving backward. Each clutch produces an 
engaging force, the magnitude of which con-esponds to 
a hydraulic pressure applied to the clutch. The driving 
wheels are coupled to the transmission by the differen- so 
tial. The differential permits the rotational speeds of the 
driving wheels to differ. A skid detector detects skid val- 
ues, each representing the degree of skidding of one of 
the driving wheels. A controller controls the clutches. 
When the greater of the detected skid values exceeds a ss 
predetermined acceleration detemriination value while 
the vehicle is accelerating, the controller decreases the 
engaging force of one of the clutches that corresponds 



to the moving direction of the vehicle for decreasing the 
power transmitted to the driving wheels. 
[0015] Other aspects and advantages of the inven- 
tion will become apparent from the following descrip- 
tion, taken in conjunction with the accompanying 
drawings, illustrating byway of example the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention, together with objects and 
advantages thereof, may best be understood by refer- 
ence to the following description of the presently pre- 
fen-ed embodiments together with the accompanying 
drawings in which: 

Fig. 1 is a diagrammatic view illustrating a forklift 
according to a first embodiment of the present 
invention; 

Fig. 2 is a block diagram showing the electric con- 
figuration of the forklift of Fig. 1; 
Fig. 3 is a graph showing the relationship between 
a brake actuation pressure PBRK and a basic brake 
pressure PCLBS; 

Rg. 4 is a graph showing a map for defining the 
relationship between a load weight W and a connec- 
tion factor KW; 

Rgs. 5(a) to 5(d) are timing charts showing 
changes of the actuation pressure PBRK, a vehicle 
speed V, a rotational acceleration a and a clutch 
pressure PCL; 

Fig. 6 is a flowchart showing a service brake control 
routine; 

Rg. 7 is a partial diagrammatic view illustrating a 
vehicle according to a second embodiment, which 
has wheel brakes; 

Rg. 8 is a graph showing a map that defines the 
relationship between the brake actuation pressure 
PBRK and a basic brake pressure PBCLBS; 
Rg. 9 is a graph showing the relationship between 
the brake actuation pressure PBRK and the braking 
force of a parking brake and the wheel brakes; 
Figs. 1 0(a) and 1 0(b) are flowcharts showing a spin 
prevention control routine according to a third 
embodiment of the present invention; 
Rgs. 11(a) to 11(d) are timing charts showing 
changes of the acceleration a, a throttle opening 
size TH, a fonward clutch pressure PFCL and a 
parking brake pressure PBCL when the vehicle is 
accelerating; 

Fig. 12 is a graph showing a map for defining the 
relationship between the load weight W and an 
upper limit value NESB of an engine speed NE 
according to a fourth embodiment of the present 
invention; 

Rg. 13 is a graph showing a map for defining the 
relationship between a pedal depression degree 
ACC and a target engine speed NETRG; 
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Fig. 14 is a graph showing a map for defining the 
relationship between the load weight W and. an ini-. 
tial clutch pressure PCI-20 according to a decelera- 
tion mode; 

Rgs. 15(a) to 15(d) are timing charts showing s 

changes of the acceleration a, the clutch pressure 
PCL and a current value ICL when the vehicle is 
stopped during a direction switching; 
Figs. 16(a) to 16(d) are timing charts showing 
changes of the vehicle speed V, the acceleration ot, io 
the clutch pressure PCL and the engine speed NE 
during a direction switching; 
Figs. 1 7(a) and (b) are flowcharts showing a direc- 
tion switching control routine; 

Fig. 18 is a flowcharts showing an engine speed is 
control routine executed in step S312 of the routine 
shown in Fig. 17(b); 

Fig. 19 is a flowcharts showing a clutch pressure 
control routine executed in step S313 of the routine 
shown in. Fig. 17(b); 20 
Fig. 20 is a flowcharts showing a vehicle starting 
engine speed control routine; 
Fig. 21 is a flowchart showing a vehicle starting 
clutch pressure control routine; 
Fig. 22 is a flowchart showing a direction switching 25 
control routine according to a fifth embodiment of 
. the present invention; 
Fig. 23(a) is a timing chart showing changes of the 
output speed NF of a forward clutch, the output 
speed NR of a reverse clutch and a turbine speed 30 
NT during a direction switching; 
Fig. 23(b) is a timing chart showing changes of the 
vehicle speed V con-esponding to the timing chart 
of Fig. 23(a); 

Fig. 24 is a flowchart showing a direction switching 35 
control routine according to a sixth embodiment of 
the present invention; 

Fig. 25 is a flowchart showing a vehicle starting 
clutch pressure control according to a seventh 
embodiment of the present Invention; 40 
Fig. 26 is a flowchart showing a clutch control rou- 
tine according to ah eighth embodiment of the 
present invention; 

Rg. 27(a) is a timing chart showing changes of a 
supplied cun-ent value IFCL and a forward clutch 45 
pressure PFCL when the shift lever is switched 
from a neutral position to a forward position; 
Fig. 27(b) is a timing chart showing changes of the 
input speed Vin and output speed Vout of the for- 
ward clutch; . 50 
Figs. 28(a) and 28(b) are flowcharts showing a 
clutch control routine according to a ninth embodi- 
ment of the present invention; 
Fig. 29(a) and 29(b) are timing charts showing 
changes of the supplied current value IFCL and the 55 
forward clutch pressure PFCL when the shift lever 
is switched from the neutral position to the forward 
position; 



Rg. 30 is a partial view illustrating a vehicle accord- 
ing to a tenth ennbodiment of the present invention; 
Rg. 31 is a flowchart showing a skidding prevention 
control routine according to the tenth embodiment; 
Rg. 32 is a partial view illustrating a vehicle accord- 
ing to an eleventh embodiment of the present 
invention of the present invention; 
Rg, 33 is a flowchart showing a skidding prevention 
control routine according to the eleventh embodi- 
ment; and 

Rg. 34 is a diagrammatic view illustrating a battery- 
powered forklift according to a thirteenth embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] A first embodiment according to the present 
invention will now be described with reference to Figs. 1 
to 6. As shown in Rg. 1 , an industrial vehicle, which is a 
forklift, is driven by an engine 10. The engine 10 is cou- 
pled to a transmission 12 by a hydraulic torque con- 
verter 11. The transmission 12 Is coupled to left and 
right driven shafts 14a by a differential 13, Each driven 
shaft 14a is coupled to a driving wheel, which is a front 
wheel 14. 

[0018] The engine 10 includes a throttle valve 15a 
for controlling the power of the engine 10 and a throttle 
actuator 15 for actuating the throttle valve 15a. The 
throttle actuator 1 5 adjusts the opening size of the throt- 
tie valve 1 5a, or the throttle opening size TH, for control- 
ling the engine power and the engine speed Ne. The 
engine 10 includes an engine speed sensor 16. The 
engine speed sensor 1 6 detects the speed of a crank- 
shaft (not shown), or the engine speed NE. The engine 
speed sensor 1 6 includes, for example, a magnetic sen- 
sor. 

[0019] The torque converter 1 1 includes an impeller 
pump and a turbine. An input shaft 1 7 extends from the 
impeller pump and is coupled to the crankshaft. An out- 
put shaft 18 extends from the turbine and is coupled to 
an input shaft 19 of the transmission 12. The torque 
.converter 1 1 continuously varies the ratio of the speed 
of the output shaft 1 8 to the speed of the input shaft 1 7 
in accordance with tiie load on the output shaft 18. 
[0020] The transmission 1 2 includes an output shaft 
20, which is coupled to the differential 13. The transmis- 
sion 1 2 includes a fon^/ard clutch 21 , a reverse clutch 22 
and two sets of reduction gears, one corresponding to 
each of the clutches 21 , 22. The clutches 21 , 22 and tiie 
reduction gears are located between the input shaft 19 
and the output shaft 20. 

[0021] The foHA^ard clutch 21 selectively engages 
and disengages the input shaft 1 9 with the output shaft 
20 though the corresponding reduction gears. The 
reverse clutch 22 selectively engages and disengages 
the input shaft 19 with the output shaft 20 through tiie 
corresponding reduction gears. The clutches 21. 22 are 
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input interface 60. The input speed sensor 28 outputs 
pulse signals, whicli represent the speed NT of the input 
shaft 19 of the transmission 12, or the speed of the out- 
put shaft 1 8 of the torque converter 1 1 , to the input inter- 
face 60. The output speed sensor 30 outputs pulse 
signals, which represent the speed ND of the output 
shaft 20 of the transmission 12 to the input interface 60. 
The speed ND of the output shaft 20 is proportional to 
the vehicle speed V. 

[0034] . The acceleration pedal sensor 32 outputs 
voltage signals, which represent the depression degree 
ACC, to the input interface 60 through the analog-to-dig- 
ital converter 51 . The brake switch 34 outputs a brake 
signal BRK, which indicates that the brake pedal 33 is 
depressed, to the input interface 60. The pressure sen- 
sor 36 outputs voltage signals, which represent the 
brake actuation pressure PBRK. to the input interface 
60 through the analog-to-digital converter 52. The shift 
position switch 38 outputs a signal PS, which represents 
the position of the shift lever 37 to the input Interface 60. 
The mode switch 39 outputs a signal MSEL, which rep- 
resents the selected deceleration mode, to the input 
interface 60. The load weight sensor 44 outputs a volt- 
age signal, which represents the weight W of a load to 
the input interface 60 through the anaiog-to-digital con- 
verter 52. 

[0035] The CPU 56 controls the throttle actuator 1 5 
through the output interface 61 and the drive circuit 55 
such that a desired throttle opening size TH is obtained. 
The CPU 56 controls the clutch valves 23, 24 through 
the output interface 61 and the drive circuit 55 such that 
desired clutch pressures PFCL, PRCL are obtained. 
The CPU 56 further controls the parking brake valve 26 
through the output interface 61 and the drive circuit 55 
such that a desired parking brake pressure PBCL is 
obtained. 

[0036] The CPU 56 executes various kinds of con- 
trol procedures 1) to 4) according to control programs 
and maps, which are previously stored in the ROM 57. 

1 ) Throttle Control Procedure 

[0037] The CPU 56 computes the throttle opening 
size TH based on the pedal depression degree ACC 
and actuates the throttle actuator 15 for setting the 
actual throttle opening size to the computed throttle 
opening size TH. 

2) Clutch Control Procedure 

[0038] When the shift lever 37 is at the neutral posi- 
tion N, the CPU 56 controls the clutch valves 23, 24 
such that the clutch pressures PFCL, PRCL of the 
clutches 21 , 22 are set to zero. Accordingly, the clutches 
21, 22 are disengaged 

[0039] When the shift lever 37 is switched from the 
neutral position N to the fonward position F, the CPU 56 
controls the forward clutch valve 23 such that the for- 



ward clutch pressure PFCL is changed from zero to a 
predetennined initial value PFCLO, which engages the 
fonward clutch 21. The initial value PFCLO is smaller 
than the maximum value PFCLmax. Therefore, the for- 
5 ward clutch 21 is partially engaged. When the fonward 
clutch pressure PFCL is quickly increased from zero to 
the initial value PFCLO, the vehicle starts gently, not 
abruptly. 

[0040] Until the difference AN between the engine 
10 speed NE and the speed NT of the output shaft 1 8 of the 
torque converter 1 1 becomes smaller than a detemfiina- 
tion value ANO, the CPU 56 maintains the initial value 
PFCLO of the fonward clutch pressure PFCL The 
engine speed NE is equal to the speed NP of the input 
75 shaft 1 7 of the torque converter 1 1 . When the speed dif- 
ference AN is smaller than the determination value ANO, 
the CPU 56 controls the forward clutch valve 23 such 
that the forward clutch pressure PFCL is changed from 
the initial value PFCLO to the maximum value 
20 PFCLmax, which completely engages the fonward 
clutch 21. 

[0041] When the shift lever 37 is switched from the 
neutral position N to the reverse position R, the CPU 56 
executes the same procedure as when the lever 37 is 

25 switched to the forward position F Rrst, the CPU 56 
controls the reverse clutch valve 24 such that the 
reverse clutch pressure PRCL is changed from zero to 
a predetermined initial value PRCLO. Then, when the 
difference AN between the engine speed NE (the speed 

30 NP of the input shaft 1 7) and the speed NT of the output 
shaft 18 is less than the.detemnination value ANO, the 
CPU 56 controls the reverse clutch valve 24 such that 
' the reverse clutch pressure PRCL is changed from the 
initial value PRCLO to the maximurti value PRCLmax. 

35 

3) Parking Brake Control Procedure 

[0042] When the shift lever 37 is at the forward posi- 
tion F or the reverse position R and the pedal depres- 

40 sion degree ACC is not zero, the CPU 56 controls the 
parking brake valve 26 such that the parking brake pres- 
sure PBCL is changed from zero to the maximum value 
PBCLmax. Accordingly, the parking brake 25 is 
switched from a braking state to a non-braking state. 

45 [0043] The CPU 56 computes the vehicle speed V 
based on the speed ND of the output shaft. 20 of the 
transmission 12. When the vehicle speed V is less than 
a predetermined determination value VO and the brake 
signal BRK has been received by the CPU 56 over a 

50 predetermined determination period TO, the CPU 56 
judges that vehicle is in a non-moving state. When the 
CPU 56 determines that the vehicle is in the non-mov- 
ing state, the CPU 56 controls the parking brake valve 
26 such that the parking brake pressure PBCL is 

55 changed from the maximum value PBCLmax to zero, 
which causes the parking brake 25 to brake the vehicle 
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4) Service Brake Control Procedure 

[0044] When the shift lever 37 is at the fonvard posi- 
tion F, the CPU 56 uses the reverse clutch 22 as a serv- 
ice brake. Particularly, when receiving the brake signal s 
BRK, the CPU 56 actuates the reverse clutch 22 for 
braking the vehicle. When the shift lever 37 is at the 
reverse position R, the CPU 56 uses the forward clutch 
21 as a service brake. Particularly, when receiving the 
brake signal BRK, the CPU 56 actuates the forward io 
clutch 21 for braking the vehicle. 
[0045] Hereinafter, when the clutch 21 or the clutch 
22. functions as a service brake, the clutch will be 
refen'ed to as a service brake. The clutch pressure 
PFCL, PRCL of the clutch functioning as a service 75 
brake will be referred to as clutch pressure PCL. 
[0046] The service brake control procedure will now 
be described. Fig. 6 is a flowchart showing a service 
brake control routine. The routine of Fig. 6 is executed at 
predetermined intervals (for example ten milliseconds) 20 
while the shift lever 37 is in the forward position F or in 
the reverse position R. 

[0047] In step S10, the CPU 56 judges whether it 
has received the brake signal BRK. If the CPU 56 has 
received the brake signal BRK, the CPU 56 determines 25 
that the brake pedal 33 is being depressed and moves 
to step S20. In step S20, the CPU 56 computes the 
acceleration a of the output shaft 20 of the transmission 
12. The acceleration a is computed based on the differ- 
ence between the speed ND of the output shaft 20 in the 30 
previous routine and the speed ND in the current rou- 
tine. It is understood that a negative value of a repre- 
sents deceleration, even if the temri "deceleration " is not 
used. The following discussion concerns deceleration, 
and a represents negative values. Thus, a reference to 35 
lower acceleration refers to greater deceleration. 
[0048] In step S30, the CPU 56 computes the differ- 
ence Aa between the acceleration a and a reference 
value a1 ( Aa=a1 -a )! If the acceleration a is lower than 
the reference value a1 , the difference Aa is a positive 40 
value. If the acceleration a is higher than the reference 
value a1 , the difference Aa is a negative value. 
[0049] The reference value a1 varies depending on 
the deceleration mode selected by the mode switch 39. 
That is, the reference value a1 when the hard mode is. 45 
selected is lower than the value a1 when the nomnal 
mode is selected. The reference value a1 when the soft 
mode is selected is higher than that when the nonnal 
mode is selected. 

[0050] In step S40. the CPU 56 limits the difference so 
Aa to a predetermined range. That is, if the difference 
Aa is a negative value, the CPU 56 sets the difference 
Aa to zero. If the difference Aa is higher than a predeter- 
mined upper limit value, the CPU 56 sets the difference 
Aa to the upper limit value. As a result, the difference Aa 55 
is limited in the range between zero and the predeter- 
mined upper limit value. Therefore, the difference Aa is 
significant only when the acceleration a is lower than 



the reference value a1 . When the acceleration is higher 
than the reference value a1, the difference Aa is set to 
zero. 

[0051] In step S50, the CPU 56 computes an accu- 
mulated value lAa of the difference Aa. Specifically, the 
CPU 56 adds the difference Aa to the cun-ent accurnu- 
lated value ZAa and sets the resultant as a new accu- 
mulated value JLAoL As a result of executing step S40, a 
difference Aa that is computed when the acceleration a 
is lower than the.reference value a1 , or a difference Aa 
having a positive value, is added to the accumulated 
value lAa in step 50. 

[0052] lnstepS60, the CPU 56 judges whether the 
acceleration a is lower than a predetennined detenni- 
nation value aO and the vehicle speed V is higher than 
a predetermined determination value VI. The detemni- 
nation value aO is lower than the reference value a1 and 
is used for determining whether the front wheels 14 are 
locked due to braking while the vehicle is running. If the 
acceleration a is higher than or equal to the detemiina- 
tion value aO, the CPU 56 judges that the speed of the 
front wheels 14 is being lowered without skidding and 
moves to step S70. Also, if the vehicle speed V Is equal 
to or lower than the determination value VI. the CPU 56 
moves to step S70. 

[0053] In step S70, the CPU 56 computes an initial 
clutch pressure PCLO of the service brake 21, 22 based 
on the load weight W and the brake actuation pressure 
PBRK, which is generated by the emulator 35. Specifi- 
cally, the CPU 56 computes a basic brake pressure 
PCLBS based on the brake actuation pressure PBRK 
referring to a map Ml shown in Fig. 3, which is stored in 
the ROM 57. The map Ml defines the relationship 
between the basic brake pressure PCLBS and the 
brake actuation pressure PBRK. Then, the CPU 56 
computes a con-ection factor KW based on the load 
weight W referring to a map M2, which is shown in Rg. 
.4. The map M2 defines the relationship between the 
correction factor KW and the load weight W. The CPU 
56 multiplies the basic brake pressure PCLBS by the 
correction factor KW and sets the resultant as the initial 
brake pressure PCLO. The initial brake pressure PCLO 
Is increased as the brake actuation pressure PBRK, 
which represents the force applied to the brake pedal 
33, increases and as the load weight W increases. 
[0054] In step S80, the CPU 56 computes a varia- • 
ble lAa' based on the difference Aa and the accumu- 
lated value ZAa. The variable LAa' is a value between 
zero and one. When the accumulated value HAa is zero, 
the variable £Aa' is one. The variable TAa is decreased 
as the accumulated value IlAa increases. 
[0055] Subsequently, in step S90, the CPU 56 mul- 
tiplies the initial brake pressure PCLO by the variable 
lAa* and sets the resultant as the clutch pressure PCL 
of the service brake 21 , 22. The CPU 56 then temporar- 
ily suspends the current routine. Therefore, as the vari- 
able lAa' decreases due to increases of the 
accumulated value ZAa, the clutch pressure PCL is low- 
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ered. The CPU 56 controls the clutch valve 23, 24 of the 
service brake 21, 22 such that the set clutch pressure 
PCL is obtained. As a result, the vehicle is braked by a 
force that corresponds to the clutch pressure PCL 
[0056] If the acceleration a is lower than the deter- 5 
nnination value aO and the vehicle speed V is higher 
than the detemnination value VI in step S60, the CPU 
56 nnoves to step SI 00 and sets the clutch pressure 
PCL to zero. The CPU 56 then temporarily suspends 
the current routine. The CPU 56 controls the clutch io 
valve 23, 24 such that the clutch pressure PCL is set to 
zero. The braking of the vehicle is released. 
[0057] If the acceleration a is lower than the deter- 
mination value aO while the vehicle speed V is higher • 
than the determination value VI, the speed of the front is 
wheels 14 is likely to be rapidly dropping due to braking 
and the front wheels 14 are likely to be skidding. There- 
fore, if the outcome of step S60 is positive, the CPU 56 
moves to step SI 00 to reduce the braking of the vehicle. 
[0058] If the CPU 56 is not receiving the brake sig- ^ 
nal BPK in step S10, the CPU 56 judges that the brake 
pedal 33 Is not currently depressed and moves to step 
si 10. In step S1 10, the CPU 56 initializes the accumu- 
lated value TAa to zero and temporarily suspends the 
current routine. 25 
[0059] The service brake control of Fig. 6 will now 
be described with reference to the timing charts of Figs. 
5(a) to (d). Fig. 5(a) shows that the brake actuation 
pressure PBRK, which has a value corresponding to a 
force applied to the brake pedal 33, is generated due to 30 
a depression of the brake pedal 33 while the vehicle is 
running. Fig. 5(b) shows the decrease of the vehicle 
speed V due to the depression of the brake pedal 33. 
Fig. 5(c) shows changes of the acceleration a of the out- 
put shaft 20 of the transmission 12, or changes of the 35 
acceleration a of the front wheels 14. . Fig. 5(d) shows 
changes of the clutch pressure PCL of the service brake 
21, 22. 

[0060] When the routine of Fig. 6 is first executed 
after the brake pedal 33 is depressed, the clutch pres- 40 
sure PCL has not been generated and the acceleration 
a is not lower than the reference value a1 . Therefore, 
even If steps S30 to S50 are executed, the accumulated 
value TAoL is maintained at zero. Since the acceleration 
a is not lower than the reference value aO, the outcome 45 
of step S60 is negative. Thus, in step S90, the initial 
brake pressure PCLO, which is computed based on the 
brake actuation pressure PBRK and the load weight W, 
is used as the clutch pressure PCL. As a result, imme- 
diately after the brake pedal 33 is depressed, the serv- so 
ice brake 21. 22 brakes the vehicle by a braking force 
that con-esponds to the initial brake pressure PCLO as 
shown in Fig. 5(d). 

[0061] If the acceleration a falls below the determi- 
nation value aO while the vehicle speed V is higher than 55 
the determination value VI (time ta in Fig. 5(c)), the out- 
come of step S60 is positive and the clutch pressure 
PCL is set to zero. That is, when the speed of the front 



wheels 1 4 rapidly drops due to braking, the front wheels 
14 might be skidding. In this case, the braking is tempo- 
rarily suspended, which prevents the front wheels 14 
from locking and skidding. 

[0062] When the braking is suspended, the acceler- 
ation a increases, that is, deceleration decreases. 
When the acceleration a exceeds the detemnination 
value aO (time tb in Fig. 5(c)), the outcome of step S60 
in Fig. 6 is negative and the CPU 56 moves to step S90. 
In step S90, the CPU 56 sets the value of the clutch 
pressure PCL for resuming the braking. Before the time 
tb, the acceleration a is lower than the reference value 
a1 for a certain period. Therefore, in steps S30 to S50, 
the accumulated value lAa is gradually increased. 
Accordingly, the clutch pressure PCL that is set at time 
tb is less than the initial brake pressure PCLO. The 
accumulated value TAa con-esponds to the area of the 
hatched regions in Rg. 5(c). 

[0063] When the acceleration a falls below the 
determination value aO again (time tc in Fig. 5(c)). the 
clutch pressure PCL is set to zero, which suspends the 
braking. Accordingly, the acceleration a is raised above 
the determination value aO (time td in Fig. 5(c)). This 
sets the clutch pressure PCL and the braking is 
resumed. At time td, the accumulated value lAa is 
greater than that at time tb. Thus, the clutch pressure 
PCL at time td is less than that at time tb. 
[0064] As described above, when the acceleration 
a is lower than the determination value aO, in other 
words, when the speed of the front wheels 14 rapidly 
decreases due to braking, the braking is temporarily 
suspended. Every time the braking is suspended, the 
braking force is gradually decreased in the subsequent 
braking. 

[0065] When the vehicle speed V is lower than the 
determination value V1 (time te in Fig. 5(c)), the out- 
come of the step S60 in Rg. 6 is negative regardless of. 
the acceleration a. Thus, braking is continued. If the 
acceleration a is lower than the reference value a1 , the 
difference Aa and the accumulated value TAa. are 
renewed. Therefore, even if the brake actuation pres- 
sure PBRK is constant, the clutch pressure PCL is grad- 
. ually decreased. 

[0066] When the vehicle speed V is lower than the 
determination value VI, the vehicle speed V is signifi- 
cantly low and the vehicle is about to stop. In this state, 
intermittent braking is undesirable. Therefore, if the 
vehicle speed V is lower than the determination value 
VI, the braking is not suspended even if the accelera- 
tion a is lower than the determination value aO, which 
permits the vehicle to smoothly stop. Also, when the 
vehicle speed V is lower than the determination value 
VI . the vehicle will quickly stop even if the front wheels 
14 skid. 

[0067] Although not shown in the timing charts of 
Figs. 5(a) to 5(d), the parking brake 25 is switched from 
a non-braking state to a braking state by the parking 
brake control procedure if the vehicle speed V is lower 
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than the determination value VO, which is lower than the 
determination value V1, and if the CPU 56 has been 
receiving the brake signal BRK.over the predetemiine 
period TO. Thus, if the brake pedal 33 is released when 
the vehicle is stopped, the vehicle remains braked by 
the parking brake 25. When the acceleration pedal 31 is 
depressed, the parking brake 25 is switched from brak- 
ing state to non-braking state by the parking brake con- 
trol procedure. 

[0068] The embodiment of Figs. 1 to 6 has the fol- 
lowing advantages. 

[0069] The transmission 12 includes the forward 
clutch 21 and the reverse clutch 22. When the shift lever 
37 is switched to the fonward position F, the forward 
clutch 21 is used for moving the vehicle and the reverse 
clutch 22 is used as a service brake. When the shift 
lever 37 is switched to the reverse position R, the 
reverse clutch 22 is used for moving the vehicle and the 
forward clutch 21 is used as a service brake. If, the serv- 
ice brake 21 , 22 causes the front wheels 14 to skid due 
when the brake pedal 33 is depressed while the vehicle 
is running, braking is temporarily suspended. Such 
intennittent braking pemriits the vehicle to smoothly stop 
without causing the front wheels 14 to skid. 
[0070] In this manner, the fonward clutch 21 and the 
reverse clutch 22 are selectively used as a service 
brake. This permits the vehicle to execute ABS control 
without requiring any extra devices. 
[0071] Every time the braking is suspended and 
resumed, the braking force is gradually decreased. The 
degree of each decrease depends upon the accumu- 
lated value lAa of the difference Aa. The longer a sus- 
pension period is, the greater the accumulation value 
LAa becomes. Accordingly, the braking force is 
decreased by a greater degree when the braking is 
resumed. The length of each suspension period repre- 
sents the likelihood of skidding by the front wheels 14. 
Thus, if skidding Is more likely to occur, the braking 
force is decreased by a greater degree after each sus- 
pension. Accordingly, the braking force is gradually 
decreased to a level that will not cause the front wheels 
14 to skid. The brake control is therefore optimized for 
the road condition. 

[0072] When the vehicle speed V is lower than the 
determination speed VI, the braking is not suspended 
even if the acceleration a is lower than the determina- 
tion value aO, which causes the vehicle to stop 
smoothly. 

[0073] The reference value a1 varies in accordance 
with the deceleration mode selected by the mode switch 
39. As the deceleration mode is moved from the hard 
mode to the soft mode via the normal mode, the refer- 
ence value a1 Is raised further from the determination 
value aO. Therefore, as the deceleration mode is 
switched from the hard mode to the soft mode via nor- 
mal mode, the acceleration a is more likely to fall below 
the reference value a1. Thus, the difference Aa and the 
accumulated value lAa are likely to be greater in the 



hard mode than In the soft mode. Thus, the braking 
force is decreased by a greater amount every time the 
braking is suspended and resumed. Therefore, even if 
the force applied to the brake pedal 33 is the same, the 
5 deceleration of the vehicle becomes milder when the 
deceleration mode is changed from the hard mode to 
the soft mode. 

[0074] Even if the force applied to the brake pedal 
33 does not change, the braking force is increased as 

10 the load weight W is increased. Thus, the relationship 
between the force, applied to the brake pedal 33 and the 
braking distance is substantially constant. The operator 
can stop the vehicle at a desired braking distance with- 
out considering the load weight W. 

15 [0075] In the embodiment of Figs. 1 to 6, the park- 
ing brake 25 may be omitted. 

[0076] A second embodiment of the present inven- 
tion will now be described with reference to Figs. 7 to 9. 
Mainly, the differences from the embodiment of Figs. 1 

20 to 6 will be discussed below. The embodiment of Figs. 7 
to 9 is different from the embodiment of Figs. 1 to 6 in 
that a wheel brake 46 is located at each front wheel 14 
(see Rg. 7), and braking is executed by the parking 
brake 25 and the wheel brakes 46 based on a depres- 

25 sion of the brake pedal 33. That is, in the embodiment of 
Figs. 7 to 9, the fonvard and reverse clutches 21 , 22 are 
not used as service brakes. Instead, the parking brake 
25 and the wheel brakes 46 function as service brake. 
[0077] The wheel brakes 46 are hydraulic brakes 

30 and are actuated by a master cylinder (not shown) in 
accordance with depression of the brake pedal 33. The 
master cylinder is mechanically coupled to the brake 
pedal 33 and applies oil pressure, the magnitude of 
which corresponds to the force applied to the brake 

35 pedal 33, to the wheel brakes 46. The wheel brakes 46, 
which are, for example, drum brakes or disk brakes, 
brake the front wheels 14 by a force con-esponding to 
the applied oil pressure. Otherwise, this embodiment is 
the same as that of Fig. 1 . 

40 [0078] A brake control procedure of this embodi- 
ment will now be described with reference to the routine 
of Fig. 6. The CPU 56 executes steps SIC to S60 and 
S1 10 of Fig. 6. Steps S70 to SI 00 are different from 
those of Fig. 6. 

45 [0079] That is, in step S70, the CPU 56 computes 
an initial brake pressure PBCLO of the parking brake 25 
based on the brake actuation pressure PBRK gener- 
ated by the emulator 35 and the load weight W. Specifi- 
cally the CPU 56 computes the basic brake pressure 

50 PBCLBS of the parking brake 25 based on the brake 
actuation pressure PBRK refemng to the map M3 of 
Fig. 8, which is stored in the ROM 57. The map M3 
defines the relationship between the basic brake pres- 
sure PBCLBS and the brake actuation pressure PBRK. 

55 Since the braking force of the parking brake 25 
increases as the supplied oil pressure decreases, the 
basic brake pressure PBCLBS is lowered to increase 
the brake actuation pressure PBRK. Then, the CPU 56 
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computes a correction factor based on the load weight 
W referring to a map (not shown), which is stored in the 
ROM 57. Unlike the map M2 of Fig. 4, the correction fac- 
tor decreases as the load weight W increases. The CPU 
56 multiplies the basic brake pressure PBCLBS by the 
con'ection factor and sets the resultant as the initial 
brake pressure PBCLO. The initial brake pressure 
PBCLO has a smaller value for a greater value of the 
brake actuation pressure PBRK and for a greater value 
of the load weight W. 

[0080] In step S80, the CPU 56 computes a varia- 
ble LAo! based on the accumulated value TAa of the dif- 
ference Aa. In this embodiment, the variable lAa! is 
equal to or greater than one. When the accumulated 
value LAa is zero, the variable LAa' is one. The variable 
LAa' increases as the accumulated value LAa 
Increases. 

[0081] In step S90, the CPU 56 multiplies the initial 
brake pressure PBCLO by the variable ZAa' and sets the 
resultant, as the parking brake pressure PBCL of the 
parking brake 25. Thus, the parking brake pressure 
PBCL Increases as the variable i:Aa' increases due to 
an Increase of the accumulated value ZAa. Accordingly, 
the braking force of the parking brake 25 is decreased. 
The CPU 56 controls the parking brake valve 26 such 
that the computed parking pressure PBCL is obtained. 
The parking brake 25 brakes the vehicle by a force that 
corresponds to the set parking brake pressure PBCL. 
[0082] In step SI 00, the CPU 56 sets the parking 
brake pressure PBCL to the maximum value PBCLmax. 
The CPU 56 controls the parking brake valve 26 such 
that the parking brake pressure PBCL is set to the max- 
imum value PBCLmax. This sets the parking brake 25 to 
a non-braking state. 

[0083] As described above, when functioning as a 
service brake, the parking brake 25 operates in the 
same manner as the clutches 21 , 22 in the embodiment 
of Rgs. 1 to 6 when the clutches 21, 22 function as a 
'service brake. That is, when the brake pedal 33 is 
depressed, the parking brake 25 intermittently brakes 
the front wheels 14 such that the front wheels 14 do not 
skid. Every time the braking is suspended and resumed, 
the braking force is gradually decreased. 
[0084] The wheel brakes 46 brake the front vyheels 
1 4 by a force that corresponds to the force applied to the 
brake pedal 33 and do not perform intermittent tfraking. 
Thus, when braking of the parking brake 25 is sus- 
pended, the vehicle continues to be braked by the wheel 
brakes 46. That is, when the parking brake 25 suspends 
braking, the total braking force is decreased to a level 
that does not cause the front wheels 1 4 to skid. 
[0085] Rg. 9 is a graph defining the relationship 
between the brake actuation pressure PBRK and the 
braking force of the parking brake 25 and relationship 
between the brake actuation pressure PBRK and the 
braking force of the wheel brakes 46. The braking force 
of the parking brake 25 and the braking force of the 
wheel brakes 46 both increase as the brake actuation 



pressure PBRK, or the force applied to the brake pedal 
33, increases. When the brake pedal 33 Is depressed 
and the brakes 25 is braking the vehicle, the wheel 
brakes 46 also brake the vehicle. When the parking 
5 brake 25 suspends braking, only the wheel brakes 46 
brake the vehicle. 

[0086] Generally, the vehicle is moved fonvard more 
often than backward. Thus, if the forward clutch 21 and 
the reverse clutch 22 are used as service brakes, the 

10 reverse clutch 22 functions as a service brake more 
often than the forward clutch 22, which wears the 
reverse clutch 22 more quickly However, in this embod- 
iment, the fonward and reverse clutches 21, 22 are not 
used as service brakes, and the parking brake 25 is 

15 used as a service brake, which prevents the reverse 
clutch 22 from being worn faster than the forward clutch 
21. 

[0087] The parking brake 25 and the wheel brake 
46 cooperate to brake the vehicle, which prevents early 

20 wear of the parking brake 25. 

[0088] The parking brake 25 is located relatively far 
from the front wheels- and the differential 13 is located 
between them. Thus, there is a little play between the 
parking brake 25 and the front wheels 14. When the 

25 vehicle is stopped only by the parking brake 25, the play 
may cause the vehicle to sway in a direction opposite to 
the moving direction. However, in this embodiment, the 
front wheels 14 are stopped by the wheel brakes 46, . 
which prevents the vehicle from swaying. 

30 [0089] The embodiments of Figs. 1 to 6 and Figs. 7 
to 9 may be modified as follows. 
[0090] In the embodiment of Figs. 1 to 6, the wheel 
brakes 46 of Fig, 7 may be used, and the wheel brakes 
46 may be used as service brakes in addition to the 

35 front and rear clutches 21 , 22. Alternatively, the fonward 
clutch 21 or the reverse clutch 22 and the parking brake 
25 may be used as service brakes. This reduces load 
on the clutches 21, 22. 

[0091] In the embodiment of Figs. 7 to 9, the wheel 
40 brakes 46 may be omitted and only the parking brake 25 
may function as a service brake. This simplifies the 
structure of the vehicle. 
. [0092] In the embodiment of Figs. 7 to 9, the for- 
ward and reverse clutches 21 , 22 may be used as serv- 
45 ice brakes in addition to the wheel brakes 46 and the 
parking brake 25. This reduces the load on the parking 
brake 25. 

[0093] In the embodiments of Figs. 1 to 9, the brak- 
ing force need not represent the accumulated value EAa 

50 of the difference Aa. That is, steps S25 to S50, S80 and 
S9iO may be omitted from the routine of Fig. 6. In the 
embodiment of Figs. 1 to 6, the initial brake pressure 
PCLO, which is computed in step S70, is always used as 
the clutch pressure PCL. In the embodiment of Figs. 7 

55 to 9, the initial brake pressure PBCLO, which is com- 
puted in step S70, is always used as the parking brake 
pressure PBCL. 

[0094] In the embodiments of Figs. 1 to 9, the mode 
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switch 39 may be omitted, and the reference value a1 
may be a fixed value that is equal to the determination 
value aO, 

[0095] In the embodiments of Figs. 1 to 9, the brak- 
ing force of the parking brake 25 may be set to a prede- 5 
termined value, which is greater than zero, when the 
acceleration a is lower than the determination value aO. 
That is, in the embodiment of Rgs. 1 to 6, the clutch 
pressure PCL may be a predetermined value, which is 
greater than zero, in step SI 00. In the embodiment of io 
Figs.7 to 9, the parking brake pressure PBCL may be a 
predetermined value, which is smaller than the maxi- 
mum value PBCLmax, in step SlOO: 
[0096] In the embodiments of Figs. 1 to 9. the brak- 
ing force may be intemnittently changed even If the vehi- 75 
cle speed V is lower than the determination value V1. In 
this case, step SBO'is replaced by a step only for deter- 
mining whether the acceleration a is lower than the 
determination value aO. 

[0097] In the embodiments of Rgs. 1 to 9, the deter- 20 
mination value aO may be changed. For example, the 
determination value aO need not be used for judging 
whether the front wheels U are locked but may be used 
forjudging whether the vehicle running state is unstable 
due to braking. 25 
[0098] A third embodiment of the present invention 
will now be described with reference to Figs. 1 0(a) and 
1 1 (d). The embodiments of Figs. 1 to 9 relate to control 
of service brakes when the brake pedal 33 is 
depressed. The embodiment of Rgs. 10(a) and 11(d) 30 
relates to a control procedure for preventing the front 
wheels 14 from spinning when the vehicle is acceler- 
ated due to depression of the acceleration pedal 31. 
[0099] The vehicle of the third embodiment has 
substantially the same mechanical structure as the 35 
vehicle of Fig. 1. Like or the same reference numerals 
are given to those components that are like or the same 
as the corresponding components of the embodiment of 
Figs 1 to 6. The wheel brakes 46 shown in Rg. 7 may be 
attached to the front wheels 14. 40 
[0100] A spin prevention control procedure accord- 
ing to the third embodiment will now be described. Rgs. 
1 0(a) and 1 0(b) are flowchart showing a spin prevention 
control routine executed by the CPU 56. The CPU 56 
executes this routine at predetemnined intervals, for 45 
example, every ten milliseconds. 
[0101] As shown in Rg. 10(a), the CPU 56 com. 
putes the acceleration a of the output shaft 20 of the 
transmission 12 in step S210 in the same manner as 
step S20 of Fig. 6. Unlike the routine of Fig. 6. the rou- 50 
tine of Figs. 10(a). 10(b) is executed when the vehicle is 
accelerated Thus, the acceleration a has a positive 
value. 

[0102] In step S211, the CPU 56 judges whether 
the acceleration a is higher than a predetermined deter- 55 
mination value a10 or whether the accumulated value 
lAalO] of the difference Aa is greater than zero. The 
determination value alO is used forjudging whether the 



front wheels 14 are skidding due to acceleration of the 
vehicle. When the acceleration a is higher than the 
detemnination value alO, the CPU 56 judges that the 
front wheels 14 are likely to be skidding and moves to 
step S212. The difference Aa and the accumulated 
value lAalO] will be described with reference to steps 
S212 to S214. If the accumulated value 2:Aa[0] is higher 
than zero, that is, if the value IAa[0] is positive, the CPU 
56 moves to step S212. 

[0103] . In step S21 2, the CPU 56 stores the current 
accumulated value 2:A.a[0] as an accumulated value 
LAofl]. In step S213, the CPU 56 corhputes the differ- 
ence Aa between the acceleration a and the determina- 
tion value alO (Aa=a-a10). If the acceleration a is 
higher than the determination value a1 0, the difference 
Aa has a positive value. If the acceleration a is lower 
than the detemnination value a1 0, the difference Aa has 
a negative value. In step S21 4, the GPU 56 adds the dif- 
ference Aa to the accumulated value IAa(1] and sets 
the resultants as an accumulated value IAa[0]. If the 
difference Aa has a positive value, the accumulated 
value 2:Aa[0] will be greater than the accumulated value 
i:Aa[1]. If the difference Aa has a negative value, the 
accumulated value EActfO] is smaller than the accumu- 
lated value i:Aa[1]. 

[0104] Although not shown in the flowchart, when 
the acceleration a is lower than a predetennined deter- 
mination value a1 1, which is lower than the value alO, 
the accumulated value 2:Aa[0] is maintained at zero. 
When the acceleration a is raised from the value a1 1 
above the determination value a1 0 for the first time, the 
computation of the accumulated value £Aa[0] is started. 
The value a1 1 represents a state in which the front 
wheels 14 are not skidding and is set to zero in this 
embodiment. 

[0105] If the acceleration a is lower than the value 
alO and the accumulated value LAa[0] is lower than 
zerdn step S21 1 , the CPU 56 moves fo step S215 and 
initializes the accumulated value IAa[0] to zero. 
[0106] The CPU 56 moves to step S21 6 either from 
step S214 or step S215. In step S216, the CPU 56 
judges whether the accumulated value ZAa[0] Is higher 
than zero, that is, whether the value 2:Aa[0] is positive. If 
the value EAa[0] is positive, the CPU 56 moves to step 
S217 and controls the throttle actuator 15 such that the 
throttle opening size TH Is set to a predetermined limit 
value TH10 regardless of the cun-ent pedal depression 
degree ACC. The limit value TH10 is smaller than the 
current throttle opening size TH. Thereafter, the CPU 56 
moves to step S220 of Fig. 10(b). If the accumulated 
value ZAo[0] is not positive in step S216, the CPU 56 
moves to step S220 without executing step S217. 
Therefore, the throttle opening size TH is set to a value 
that corresponds to the pedal depression degree ACC. 
[0107] The limit value TH1 0 is determined such that 
the engine 10 does' not cause the front wheels 14 to 
spin even if the engaging force of the clutch 21 , 22 that 
is being used for moving the vehicle is maximum. In 
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other words, when the throttle opening size TH is equal 
to or smaller than the limit value TH10, the acceleration 
a does not exceed the determination value alO even if 
the engaging force of the clutch 21 , 22 that is being 
used for moving the vehide is maximum. The limit value 5 ' 
TH10 is, for example, about thirty percent of the maxi- 
mum value THmax of the throttle opening size TH. 
[0108] When the accumulated value IAa[0] of the 
difference Aa has a positive value, the throttle opening 
size TH is prevented from being greater than the limit 10 
value THI 0. According to steps S21 0 to S21 7, the accu- 
mulated value i:Aa[0] always has a positive value when 
the acceleration a is higher than the determination 
value a1 0. Thus, when the acceleration a is higher than 
the detemiination value a1 0 and the front wheels 1 4 are 75 
likely to be spinning, the throttle opening size TH is lim- 
ited to restrict the engine output. As a result, the front 
wheels 14 are prevented from spinning and skidding. 
[0109] As shown in Fig. 10(b), the CPU 56 judges 
whether the acceleration a is higher than the determina- 20 
tion value alO in step S220. If the acceleration a is 
higher than the determination value alO, the CPU 56 
moves to step S221. In step S221, the CPU 56 judges 
whether the signal PS, which represents the position of 
the shift lever 37, is indicating the fonvard position F or 25 
the reverse position R. if the shift position signal PS is 
indicating the forward position F, the CPU 56 moves to 
step S222. In step S222, the CPU 56 controls the for- 
ward clutch valve 23 such that the forward clutch pres- 
sure PFCL of the forward clutch 21 is set to a 30 
predetermined limit value PFCL10. The value PFCL10 
Is smaller than the current forward clutch pressure 
PFCL Thus, the engaging force of the forward clutch 21 
is weakened, which lowers the power transmission effi- 
ciency from the engine 10 to the front wheels 14. As a 35 
result, the front wheels 14 are prevented from spinning. 
[0110] The limit value PFCL10 is detemiined such., 
that the power that is transmitted from the engine 10 to 
the front wheels 14 by the forward clutch 21 does not 
cause the front wheels 14 to spin even if the throttle 40 
opening size TH is the maximum value THmax. In other 
words, it the forward clutch pressure PFCL is lower than 
the limit value PFCL10, the acceleration a does falls 
below the determination value alO even if the throttle 
opening size TH is the maximum value THmax. 45 
[0111] The limit value PFCL10 is, for example, set 
equal to the initial value PFCLO, which is described In 
the clutch control procedure section of the description of 
the embodiment shown in Figs. 1 to 6. As described 
above, when the shift lever 37 is shifted to the forward so 
position F, the forward clutch pressure PFCL is tempo- 
rarily maintained at the initial value PFCLO and is then 
Increased to the maximum value PFCLmax. As long as 
the front wheels 14 do not spin when the throttle open- 
ing size TH is the maximum value THmax, the limit 55 
value PFCL10 may be greater than the initial value 
PFCLO. 

[0112] In step S223, which follows step S222. the 



CPU 56 controls the parking brake valve 26 such that 
the parking brake pressure PBCL of the parking brake 
25 is set to a predetermined limit value PBCL10 and 
temporarily suspends the cun'ent routine. The limit 
value P6CL10 is smaller than the maximum value 
PBCLmax of the parking brake pressure . PBCL. When 
the vehicle Is moving in a normal state, the parking 
brake pressure PBCL is maintained at the maximum 
value PBCLmax so that the parking brake 25 does not 
brake the vehicle. In step S223, the parking brake pres- 
sure PBCL is lowered from the maximum value 
PBCLmax to the limit value PBCL1 0 so that the parking 
brake 25 is switched from a non-braking state to a brak- 
ing state. As a result, the force transmitted to the front 
wheels 14 is reduced. Accordingly, the front wheels 14 
are prevented from spinning. 

[0113] The limit value PBCL10 is determined such 
that the parking brake 25 prevents the front wheels 14 
from spinning even if the throttle opening size TH is the 
maximum value THmax and the engaging force of the 
fonvard clutch 21 is maximum. In other words, when the 
parking brake pressure PBCL is equal to or lower than 
the limit value PBCL10, the acceleration a falls below 
the determination value alO even if the throttle opening 
size TH is the maximum value THmax and the engaging 
force of the forward clutch 21 is maximum! 
[0114] If the shift position signal PS is indicating the 
reverse position F in step S221, the CPU 56 moves to 
step S224. In step S224, the CPU 56 controls the 
reverse clutch valve 24 such that the reverse clutch 
pressure PRCL of the reverse clutch 22 is set to a pre- 
detemnined limit value PRCL10. The value PFCL10 is 
smaller than the current reverse clutch pressure PRCL. 
Thus, the engaging force of the reverse clutch 22 is 
weakened, which lowers the transmission efficiency 
from the engine 10 to the front wheels 14. As a result, 
the front wheels 14 are prevented from spinning. 
[0115] The limit value PRCL10 is detemiined such 
that the power that is transmitted from the engine 1 0 to 
the front wheels 14 by the reverse clutch 22 does not 
cause the front wheels 14 to spin even if the throttle 
opening size TH is the maximum value THmax, In other 
words, if the reverse clutch pressure PRCL is lower than 
the limit value PRCL10, the acceleration a falls below 
the determination value alO even if the throttle opening 
size TH is the maximum value THmax. 
[0116] Like the limit value PFCL10 of the forward 
clutch pressure PFCL. the limit value PRCL10 is, for 
example, set equal to or greater than the initial value 
PRCLO, which is described in the clutch control section 
of the description embodiment of Figs. 1 to 6. 
[0117] In step S225, the CPU 56 controls the park- 
ing brake valve 26 such that the parking brake pressure 
PBCL of the parking brake 25 Is set to a predetermined 
limit value PBCL1 1. Then, the CPU 56 temporarily sus- 
pends the cunrent routine. The limit value PBCL1 1 is 
lower than the maximum value PBCLmax of the parking 
brake pressure PBCL Thus, in step S225. the parking 
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brake pressure PBCL is lowered from the maximum 
value PBCLmax to the limit value PBCL1 1 to activate 
the parking brake 25. As a result, the force transmitted 
to the front wheels 14 is suppressed. Accordingly, the 
front wheels 1 4 are prevented from spinning. 5 
[0118] The limit value PBCL1 1 is determined such 
that the parking brake 25 prevents the front wheels 14 
from spinning even if the throttle opening size TH is the 
maximum value THmax and the engaging force of the 
reverse clutch 22 is maximum. In other words, if the 10 
parking brake pressure PBCL is equal to or lower than 
the limit value PBCL1 1, the acceleration a falls below 
the determination value alO even if the throttle opening 
size TH is the maximum value THmax and the engaging 
force of the forward clutch 21 is maximum. 75 
[0119] The limit value PBCL1 1, which is used when 
the vehicle is moving backward, is different from the limit 
value PBCL10, which is used when the vehicle is mov- 
ing fonvard. This is because the braking characteristics 
of thp parking brake 25 are different when the vehicle is 20 
moving forward from when the vehicle is moving back- 
ward. 

[0120] If the acceleration a Is lower than the deter- 
mination value a10 in step S220, the CPU 56 temporar- 
ily suspends the current routine without executing steps 2S 
S222 to S225. Thus, one of the clutches 21 , 22 that is 
being used for moving the vehicle is controlled as in the 
clutch control procedure shown in Figs. 5(a)-5(b) and 6. 
The parking brake 25 is switched to a non-braking state 
by raising the parking brake pressure PBCL to the max- 30 
imum value PBCLmax. 

[0121] The above described spin prevention control 
procedure will now be described with reference to the 
timing charts of Figs. 1 1 (a) to 11 (d). The timing charts of 
Figs. 1 1 (a) to 1 1 (d) represent a state in which the shift 35 
lever 37 is at the forward position F. However, if the shift 
lever 37 is at the reverse position R, the results will be 
the same. Fig. 1 1 (a) shows changes of the acceleration 
a of the front wheels 1 4 when the vehicle is accelerated. 
Figs. 1 1 (b) to 1 1 (d) show changes of the throttle open- 40 
ing size TH, the forward clutch pressure PFCL and the 
parking brake pressure PBCL, which con^espond to the 
acceleration a. 

[0122] When the acceleration a is raised from the 
reference value a1 1 and. exceeds the determination 45 
value a1 0 for the first time as shown In Fig, 1 1 (a) due to 
acceleration of the vehicle, the outcome of step S21 6 in 
Fig. 10(a) Is positive. Therefore, as shown in Fig. 1 1(b), 
the throttle opening size TH is decreased to the limit • 
value TH 1 0 from a value that corresponds to the current so 
pedal depression degree ACC. 
[0123] In the routine of Fig. 1 0(a), the throttle open- 
ing size TH is limited to the limit value TH10 when the 
accumulated value 2:Aa[0] is a positive value even if the 
acceleration a is equal to or lower than the determina- 55 
tion value a1 0. Thus, as shown in Rgs. 1 1 (a) and 1 1 (b), 
even if the acceleration a falls from a value that is higher 
than the determination value alO to a value that is lower 



than the value a1 0, the throttle opening size TH is main- 
tained at the limit value THIO as long as the accumu- 
lated value IAa[0] has a positive value. 
[0124] It takes time from when the CPU 56 com- 
mands the throttle actuator 15 to set the throttle opening 
size TH to the limit value TH1 0 to when the result of the 
command is actually reflected by the engine output. 
Thus, the throttle opening size TH is maintained at the 
limit value THIO such that the engine output corre- 
sponds to the limit value THIO while the accumulated 
value iAa[0] has a positive value. As a result, the front 
wheels 14 are prevented from spinning by limiting the 
throttle opening size TH. 

[01 25] As shown in Figs. 1 1 (a) and 1 1 (b), the throt- 
tle TH is returned to a value that con-esponds to the 
pedal depression degree ACC when the accumulated 
value LAa[0] is equal to or below zero as the accelera- 
tion a is lowered. 

[0126] When the acceleration a exceeds the deter- 
mination value alO as shown in Fig. 11(a), the fonvard 
clutch pressure PFCL is set to the limit value PFCL1 0 in 
step S222 of Fig. 1 0(b). As shown in Rg. 1 1 (b), the for- 
ward clutch pressure PFCL changes from the maximum 
value PFCLmax to the limit value PFCLIO or from the 
limit value PFCLIO to the maximum value PFCLmax in 
accordance with changes of the acceleration a through * 
the determination value alO. That is, the forward clutch 
21 changes its state from complete engagement to par- 
tial engagement or from partial engagement to com- 
plete engagement. As a result, the front wheels 14 are 
effectively prevented from spinning. While the fonA^ard 
clutch pressure PFCL is increasing from the initial value 
PFCLO to the maximum value PFCLmax, for example, 
immediately after the vehicle is started, the fonward 
clutch pressure PFCL is also changed to the limit value 
PFCLIO If the acceleration a exceeds the determination 
value alO. 

[0127] When the acceleration a exceeds the deter- 
mination value a10 as shown in Fig. 11(a), the parking 
brake pressure PBCL Is set to the limit value PBCL1 0 in 
step S223 of Fig. 10(b). As shown in Fig. 11(d), the 
parking brake pressure PBCL changes from the maxi- 
mum value PBCLmax to the limit value PBCL1 0 or from 
the limit value PBCL10 to the maximum value 
PBCLmax in accordance with changes of the accelera- 
tion a through the determination value a1 0. That is, the 
parking brake 25 changes its state from the deactivated 
state to the activated state or from the activated state to 
the deactivated state. As a result, the front wheels 14 
are effectively prevented from skidding. 
[0128] The embodiment of Figs. 10(a) to 1 1 (d) has 
the following advantages. 

[01 29] The acceleration a of the front wheels 1 4 is 
computed based on the speed ND of the output shaft 20 
of the transmission 12, or the speed ND of the front 
wheels 14, which are driving wheels. The spinning state 
(or skidding state) of the front wheels 14 is judged 
based on the acceleration a. The fonward or reverse 
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clutch pressure PFCL, PRCL and the parking brake 
pressure PBCL are controlled based on the judged 
spinning state of the front wheels 1 4 to prevent the front 
wheels 14 from spinning. Therefore, spinning of the 
front wheels 14 during acceleration of the vehicle is pre- 
vented by a simple structure and a simple procedure 
without adding any new devices to the vehicle. 
[0130] The front wheels 1 4 are prevented from skid- 
ding by limiting the throttle opening size TH, the forward 
or reverse clutch pressure PFCL. PRCL, and the park- 
ing brake pressure PBCL.. In other words, spinning is 
prevented by limiting the engine output, lowering the 
transmission efficiency from the engine 10 to the front 
wheels 14 and the braking of the front wheels 14. The 
three procedures effectively prevent the front wheels 14 
from spinning. 

[0131] The throttle opening size TH is limited for 
preventing the front wheels 14 from spinning. This pre- 
vents the engine 10 from generating excessive power. 
Accordingly, the fuel economy is improved. 
[0132] A change of the power transmission effi- 
ciency due to actuation of the clutches 21, 22 and a 
change of the braking force due to actuation of the park- 
ing brake 25 are more quick than a change of the engine 
output due to actuation of the throttle valve 15a. Thus, if 
the front wheels 14 spin, the spinning is. quickly pre- 
vented by controlling the clutches 21, 22 and the park- 
ing brake 25. 

[0133] The embodiment of Figs. 1 0(a) to 1 1 (d) may 
be modified as follows, 

[0134] Spinning of the front wheels 14 may be pre- 
vented by one or more of the throttle opening control 
procedure, the clutch pressure control procedure and 
the parking brake pressure control procedure. 
[0135] The speed of the front wheels 14 may be 
detected at a location other than the output shaft 20 of 
the transmission 12. The speed of the front wheels 14 
may be detected at any location in the power transmis- 
sion path between the engine 10 and the front wheels 
14. 

[0136] The parking brake 25 may be omitted and 
one of the clutches 21 , 22 that is being used as the 
service brake when the vehicle is moving may be used 
as a brake for preventing the front wheels 14 from spin- 
ning. Alternatively, in the vehicle having the wheel 
brakes 46 shown in Fig. 7, the wheel brakes 46 nnay be 
used for preventing the front wheels 14 from spinning. 
[0137] In the vehicle of Fig. 1, the acceleration 
pedal 31 is not mechanically coupled to the throttle 
valve 15a. The pedal depression degree ACC is electri- 
cally detected and the throttle valve 15a is electrically 
controlled based on the detected depression degree 
ACC. Thus, the throttle valve 15a may be controlled 
regardless of the detected depression degree ACC. If 
the acceleration pedal 31 is mechanically coupled to the 
throttle valve 15a, the throttle valve 15a is always con- 
trolled according to the depression degree ACC of the 
acceleration pedal 31, In this case, spinning of the front 



wheels 14 may be prevented by at least one of the 
clutch pressure control procedure and the brake pres- 
sure control procedure. 

[0138] Unlike the vehicle of Fig. 1, the fonward 
5 clutch 21 and the reverse clutch 22 are mechanically 
coupled to the shift lever 37 and are not electrically con- 
trolled in some vehicles. In this case, spinning of the 
front wheels 14 may be prevented by at least one of the 
throttle opening control procedure and the brake pres- 
to sure control procedure. 

[0139] A fourth embodiment of the present inven- 
tion will now be described with reference to Figs. 12 to 
21 . The fourth embodiment relates to a direction switch- 
ing control procedure, which is executed when the shift 
75 lever 37 is shifted for changing the moving direction of 
the vehicle. Direction switching refers to changing the 
moving direction of the vehicle by switching the shift 
lever 37 from the fon^/ard position F to the reverse posi- 
tion R or from the reverse position R to the forward posi- 
20 tion F. Direction switching causes the vehicle to 
temporarily stop and start moving in the opposite direc- 
tion. 

[01 40] During direction switching, it is desirable that 
the vehicle be stopped without locking the front wheels 
25 14 and that the vehicle be started in the opposite direc- 
tion without spinning the front wheels 14. The objective 
of the fourth embodiment is to prevent the wheels 14 
from skidding during direction switching for permitting 
the vehicle to reliably switch directions. 
30 [0141] The mechanical structure of the vehicle of 
the fourth embodiment is the same as the vehicle 
shown in Rg. 1. Thus, like or the sahne reference 
numerals are given to those components that are like or 
the same as the corresponding components of the 
35 embodiment of Figs 1 to 6. The wheel brakes 46 shown 
in Fig. 7 may be used for the front wheels 1 4. 
[0142] Direction switching will now be described. 
When the shift lever 37 is shifted for switching direction, 
one of the clutches 21 , 22 that corresponds to the mov- 
40 ing direction prior to shifting of the shift lever 37 is disen- 
gaged, Also, the other clutch 21, 22, which corresponds 
to the current position of the shift lever 37, or the post- 
shifting clutch, is partially engaged to function as a 
brake. As a result, the vehicle is braked by the post- 
45 shifting clutch 21, 22. At this time, the front wheels 14 
are prevented from locking by the ABS control proce- 
dure. Subsequently, the post-shifting clutch 21. 22 func- 
tions as a moving clutch to move the vehicle in the 
opposite direction. When the vehicle is started, the TRC 
so control procedure is executed, which prevents the front 
wheels 14 from spinning. 

[0143] Hereinafter, the clutch 21, 22 that con-e- 
sponds to the position of the shift lever 37 after direction 
switching will be referred to as the post-shifting clutch. 
55 The clutch pressure PFCL, PRCL of the post-shifting 
clutch will be referred to as the clutch pressure PCL. 
[0144] Figs. 17(a) and 17(b) show flowcharts of a 
direction switching control procedure executed by the 
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CPU 56. The CPU 56 executes the routine at predeter- 
mined intervals (for example, ten to fifty milliseconds) 
while the engine 1 0 is running. 
[0145] As shown in Fig. 17(a), the CPU 56 judges 
whether the shift lever 37 is shifted for changing the 
direction of the vehicle in step S301 . In other words, the 
CPU 56 judges whether the current routine is being exe- 
cuted for the first time since direction switching is per- 
formed. If the shift lever 37 Is switched from the forward 
position F to the reverse position R or from the reverse 
position R to the fonvard position F when the vehicle 
speed V is greater than zero, the CPU 56 Judges that 
. the shift lever 37 has been shifted for direction switch- 
ing. 

[0146] If the shift lever 37 has been shifted for direc- 
• tion switching, the CPU 56 moves to step S302 and sets 
a direction switching flag FSB to one. When the flag 
FSB is one, direction switching is being performed. 
Although not shown in the flowchart, the clutch 21, 22 
that corresponds to the position of the shift lever 37 
before the shift lever 37 is shifted is disengaged. 
[01 47] Steps 8303 to S308, which follow step S302, 
are executed only once immediately after the shift lever 
37 is shifted for direction switching. In steps S303 to 
S307, a period (predicted period) TSB from when the 
shift lever 37 is shifted for direction switching until when 
the vehicle is stopped is computed according to the 
deceleration mode set by the mode switch 39. 
[0148] The predicted period TSB is computed 
based on the current vehicle speed V and vehicle decel- 
eration prediction data, which is previously stored in the 
ROM 57. The deceleration prediction data con-espond 
to the three deceleration modes and are detemiined 
taking the initial value of the clutch pressure PCL, or an 
initial clutch pressure PCL20, into account. The initial 
clutch pressure PCL20 is applied to the post-shifting 
clutch 21, 22 while the post-shifting clutch 21, 22 is 
functioning as a brake from when the shift lever 37 Is 
shifted until when the vehicle is stopped. The initial 
clutch pressure PCL20 will be described later. The initial 
clutch pressure PCL20 represents the braking force of 
the post-shifting clutch 21, 22. 

[0149] The CPU 56 computes a vehicle decelera- 
tion that corresponds to the selected deceleration mode 
based on the vehicle deceleration prediction data stored 
In the ROM 57. Then, the CPU 56 computes the pre- 
dicted period TSB based on the computed vehicle 
deceleration and the current vehicle speed V. Specifi- 
cally, the predicted period TSB is computed by dividing 
the current vehicle speed V by the vehicle deceleration. 
[0150] In step S303, the CPU 56 judges whether 
the current deceleration mode is the hard mode. If the 
cun-ent mode is the hard mode, the CPU 56 moves to 
step S305. If the current mode is not the hard mode, the 
CPU 56 moves to step S304. In step S304, the CPU 56 
judges whether the current mode is the soft mode. If the 
current mode is the soft mode, the CPU 56 moves to 
step S306. If the current mode is not the soft mode, that 



is, if the current mode is the normal mode, the CPU 56 
moves to step S307. 

[0151] In each of steps S305, S306. S307, the CPU 
56 computes the predicted period TSB, which con-e- 
5 sponds to the selected deceleration mode in the above 
described manner. That is. the CPU 56 computes the 
vehicle deceleration that corresponds to the selected 
deceleration mode. The CPU 56 also computes the pre- 
dicted period TSB by dividing the current vehicle speed 
10 y by the computed deceleration. In Fig. 17(a), the 
deceleration computed during the hard mode is repre- 
sented by aH, the deceleration computed during the 
soft mode is represented by aS, and the deceleration 
computed during the normal mode is represented by 
15 oN. These decelerations satisfy the inequality 
ocH>aN>aS, Therefore, if the vehicle speed V Is the 
same, the predicted period TSB becomes shorter in the 
order of the hard mode, the nomrial mode and the soft 
mode. 

20 [0152] The vehicle speed V is computed based on 
the speed ND of the output shaft 20 of the transmission 
12, or the speed of the front wheels 14. Therefore, if 
deceleration prediction data of the output shaft 20 is 
stored in the ROM 57 instead of the vehicle deceleration 

25 prediction data, the predicted period TSB is computed 
based on the speed ND and the deceleration prediction 
data of the output shaft 20. 

[0153] ThaCPU 56 moves to step S308 from one of 
steps S305, S306 or S307. In step S308, the CPU 56 

30 sets a count value CNT, which con-esponds to the pre- 
dicted period TSB, and moves to step S309. If it is 
judged that the shift lever 37 is not shifted in step S301 , 
the CPU 56 moves to step S309. 
[0154] In step S309, which is shown in Fig. 17(b), 

35 the CPU 56 judges whether the direction switching flag 
FSB is one, or whether the direction switching is being 
executed. If the flag FSB is one, the CPU 56 moves to 
step S31 0. If the flag FSB is zero, the CPU 56 temporar- 
ily suspends the cun-ent routine. 

40 [0155] In step S3 10, the CPU 56 judges whether 
the count value CNT is greater than zero, that is 
whether the predicted period TSB has elapsed. In other 
words, the CPU 56 judges whether the vehicle is decel- 
erating due to the direction switching. If the count value 

45 CNT Is greater than zero, that is, if the vehicle is 
assumed to be still moving, the CPU 56 moves to step 
S312. If the count value CNT Is lower than zero, the 
CPU 56 judges that the vehicle has been stopped and 
moves to step S311. 

50 [0156] In step S311, the CPU 56 judges whether 
the vehicle speed V is equal to or smaller than the deter- 
mination value VO. The, detemiination value VO is a 
value at which little shock Is created when the post-shift- 
ing clutch 21, 22 is completely engaged. That is, the 

55 determination value VO is a vehicle speed at which the 
vehicle is substantially stopped and is between^zero to 
five kilometers per hour. 

[01 57] If the vehicle speed V is lower than the deter- 
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mination value VO, the CPU 56 moves step S315 and 
sets the direction switching flag FSb to zero. Thereafter, 
the CPU 56 moves to a vehicle starting control routine, 
which will be described later. That is, the CPU 56 judges 
that the vehicle is stopped only when the vehicle is 
assumed to have stopped based on the count value 
CNT in step S310 and the vehicle speed V, which is 
computed based on the speed ND of the output shaft 
20, is equal to or smaller than the detennination value 
VO in step S31 \, In this case, the CPU 56 moves to the 
vehicle starting control routine. 
[0158] If the vehicle speed V is greater than the 
determination value VO in step S311, the CPU 56 
moves to step S312. That is, even if the vehicle is 
assumed to have stopped based on the count value 
CNT in step S310, the vehicle is not judged to have 
stopped when the vehicle speed V, which is computed 
based on the speed ND of the output shaft 20, is greater 
than the determination value VO in step S31 1 . 
[01 59] The CPU 56 moves to step S31 2 either from 
step S31 0 or from step S31 1 . In step S31 2, the CPU 56 
executes an engine speed control procedure. The 
engine speed control procedure is described in the flow- 
chart of Fig. 18. In step S313, the CPU 56 executes a 
clutch pressure control procedure. The clutch pressure 
control procedure is described in the flowchart of Fig. 
19. In step S314, the CPU 56 decrements the count 
value CNT and then temporarily suspends the current 
routine. 

[01 60] When the shift lever 37 is shifted for direction 
switching while the vehicle is running, the engine speed 
control procedure of Fig. 18 and the clutch pressure 
control procedure of Fig. 19 are performed until the pre- 
dicted period TSB elapses and the vehicle speed V falls 
below the determination value VO. 
[0161] The engine speed control procedure routine 
shown in Fig, 18 will now be described. In step S321, 
the CPU 56 computes an upper linriit vialue NESB of the 
engine speed W based on the load weight W by refer- 
ring to a map M1 1 of Fig. 1 1 . In step S322, the CPU 56 
computes a target engine speed NETRG based on the 
pedal depression degree ACC by referring to a map 
Ml 2 shown in Fig. 13. 

[0162] In step S323, the CPU 56 judges whether 

the target engine speed NETRG is greater than the limit 
value NESB. If the outcome of step S323 is positive, the 
CPU 56 moves to step S324. If the outcome of step 
S323 is negative, the CPU 56 moves to step S325. . 
[0163] In step S324, the CPU 56 substitutes the 
upper limit value NESB for the target engine speed 
NETRG and moves to step S325. In step S325, the 
CPU 56 controls the throttle actuator 15 to set the throt- 
tle opening size TH to a value that permits the engine to 
run at the target speed NETRG. 
[0164] The routine of Fig, 18 prevents the engine 
speed NE from exceeding the upper limit value NESB. 
[0165] The clutch pressure control procedure rou- 
tine shown in Fig. 19 will be described with reference to 



timing charts.of Figs. 15(a) to 15(d). Figs. 15(a) to 15(d) 
show changes of the acceleration a of the front wheels 
14, the clutch pressure PCL of the post-shifting clutch 
21 , 22, the value ICL of current supplied to the clutch 

5 valve 23, 24 of the post-shifting clutch 21, 22 after the 
shift lever 37 is shifted from the reverse position R to the 
fonward position F of after the shift lever 37 is shifted 
from the forward position F to the reverse position R. 
The control routine shown in Fig. 19 is basically similar 

JO to the service bral<e control routine shown in Fig. 6. 
[0166] 1n step S331, the CPU 56 judges whether 
the shift lever 37 is shifted for direction switching as in 
step S301 of Fig. 17(a). In other words, the CPU 56 
judges whether the CPU 56 is executing the routine of 

75 Fig. 19 for the first time after the shift lever 37 is 
switched. If the outcome is positive, the CPU 56 moves 
to step S332. Step S332 is executed only once immedi- 
ately after the shift lever 37 is switched. 
[0167] In step S322. the CPU 56 computes the ini- 

20 tial clutch pressure PCL20 in accordance with the load 
weight W and the selected deceleration mode. The 
CPU 56 refers to a map M13 shown in Fig. 14 when 
computing the initial clutch pressure PCL20. The map 
Ml 3 is previously stored in the ROM 57. The map Ml 3 

25 defines the relationship between the load weight W and 
the initial clutch pressure PCL20 according to the decel- 
eration mode. In each deceleration mode, the initial 
clutch pressure PCL20 increases as the load weight W 
is increased. If the load weight W is constant, the initial 

30 clutch pressure PCL20 increases in order of the hard 
mode, the normal mode and the soft mode. The decel- 
eration data, which is used for computing the predicted 
period TSB in steps S305, S306 and S307 of the routine 
of Fig. 17(a), is determined taking the initial clutch pres- 

35 sure PCL20 set in the map Ml 3 into account. 

[0168] Steps S333 to S336 correspond to steps 
S20 to S50 of the routine shown in Rg.6. That is, in step 
S333, the CPU 56 computes the acceleration a of the 
output shaft 20 of the transmission 12, or the accelera- 
te tion a of the front wheels 14, in the same manner as 
step S20 of Fig. 6. The acceleration a has a negative 
value and represents the deceleration of. the front 
wheels 14. 

[0169] In step S334, the CPU 56 computes the dif- 
45 ference Aa(Aa=a1-a) between the acceleration a and 
the predetermined reference value a1 in the same man- 
ner as step S30 of Fig. 6. As in the embodiment of Figs. 
1 to 6, the reference value a1 varies in accordance with 
the deceleration mode selected by the mode switch 39. 
50 [0170] In step S336, the CPU 56 limits the value of 
the difference Aa in the same manner as step S40 of 
Fig. 6. That is, the difference Aa is limited to a value in a 
range from zero to a predetermined upper limit value. 
[0171] In step S336, the CPU 56 adds the differ- 
55 ence Aa to the current accumulated value LAa and sets 
the resultant as a new accumulated value lAa in the 
same manner as step S50 of Fig. 6. The accumulated 
value £Aa con-esponds to the area of the hatched 
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region in Rg. 15(b). 

[0172] In step S337. the CPU 56 judges whether 
-the acceleration a is lower than the predetermined 
determination value aO. The determination value aO is 
lower than the reference value a1 as described in step 
S60 of Rg. 6. The detennination value aO is used for 
judging whether the front wheels 14 are locked by brak- 
ing while the vehicle is running. If the acceleration a is 
higher than the detemnination value otO, the CPU 56 
judges that the front wheels 14 are not locked and 
moves to step S338. 

[0173] In step S338, the CPU 56 judges whether a 
flag FABS is one. The flag FABS indicates that the ABS 
control mode is being performed. If the flag FABS is not 
one. the CPU 56 judges that the ABS control mode has 
not been executed and moves to step S339. In step 
S339, the CPU 56 sets the initial clutch pressure PCL20 
as the clutch pressure PCL of the post-shifting clutch 
21, 22. In step S344, the CPU 56 supplies a current 
having a value ICL (the value ICL20 shown in Rg. 15(d)) 
to the clutch valve 23, 24. The value ICL20 corresponds 
to the clutch pressure PCL (the initial clutch pressure 
PCL20). As a result, the post-shifting clutch 21. 22 
brakes the vehicle by a braking force that corresponds 
to the initial clutch pressure PCL20 (see Rg. 15(c)). At 
this time, the deceleration Is substantially equal to the 
deceleration aH.aS or aN, which are computed in steps 
S305, s306 and S307. 

[0174] If the acceleration a is lower than the deter- 
mination value aO in step S337, the CPU 56 judges that 
the front wheels 14 are locked by braking and moves to 
step S340 to start the ABS control mode. In step S340, 
the CPU 56 sets the flag FABS to one. In step S341 , the 
, CPU 56 substitutes a predetermined limit value PCL21, 
which is smaller than the initial clutch pressure PCL20, 
for the clutch pressure PCL of the post-shifting clutch 
21, 22. In step S344, the CPU 56 supplies a current 
having a value ICL (a value ICL21 shown In Rg. 15(d)) 
tothe clutch valve 23. 24. The value ICL21 corresponds 
to a clutch pressure PCL (a limit value PCL21). As a 
result, the braking force of the post-shifting clutch 21 , 22 
is weakened in accordance with the limit value PCL21 
(see Fig. 15(c)), which prevents the front wheels 14 
from being locked. 

[01 75] When the braking force is weakened for pre- 
venting locking of the front wheels 14, the acceleration 
a Is raised as shown in Figs. 15(b) and 15(c). That is. 
the deceleration is decreased. If the acceleration a is 
lower than the determination value aO in step S337 and 
the flag FABS is one in step S338, the CPU 56 moves to 
step S342 for increasing the braking force. 
[0176] Steps S342 and S343 con-espond to steps 
S80 and S90 of Rg. 6. That is, the CPU 56 computes a 
variable LAa! based on the accumulated value LAa of 
the difference Aa in step S342 in the same manner as 
step S80. The variable ZAa' is a value between zero and 
one. The variable £Aa' is zero when the accumulated 
value 2:Aa is zero and increases as the accumulated 
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value ZAa decreases. 

[0177] • . In step S343, the CPU 56 multiplies the ini- 
tial clutch pressure PCL20 by the variable lAa' and sets 
the resultant as the clutch pressure PCL of the post- 

5 shifting clutch 21 , 22 in the same manner as step S90 of 
Rg. 6. Therefore, as the accumulated value LAa 
increases and the variable EAa' decreases, the clutch 
pressure PCL decreases. In step S344, the CPU 56 
supplies a cun-ent having a value ICL to the clutch valve 

10 23, 24 for obtaining the clutch pressure PCL that corre- 
sponds to the variable ZAa\ As a result, when the clutch 
pressure PCL is subsequently increased from the limit 
value PCL21 as shown in Rg. 15(c), the clutch pressure 
PCL is set at a level lower than the initial clutch pressure 

15 PCL20 by a degree according to the accumulated value 
TAa, 

[01 78] According to the clutch pressure control rou- 
tine shown in Fig. 19, the vehicle is braked by a braking 
force that corresponds to the initial clutch pressure 

20 PCL20. However, if the front wheels 1 4 are judged to be 
locked, the braking is temporarily suspended and 
resumed. Every time braking is suspended and 
resumed, the new braking force is gradually decreased. 
As a result, the acceleration a gradually seeks a value 

25 that is slightly higher than the determination value aO as 
shown in Rg 15(b). 

[0179] Although not shown in the flowchart of Fig. 
19, the difference (aO-a) between the acceleration a 
and the detemnination value aO and its accumulated 

30 value are computed from when the acceleration a falls 
below the detemnination value aO for the first time, that 
is, from when the ABS control mode is started and the 
flag FABS is set to one. When the acceleration a is 
lower than the determination value aO, the difference 

35 (aO-a) has a positive value. When the acceleration a is 
higher than the determination value aO, the difference 
(aO-a) has a negative value. When the accumulated 
value of the difference (aO-a) falls below zero due to 
execution of the ABS control mode, the ABS control 

40 mode is terminated and the flag FABS is reset to zero. 
At the same time, the accumulated value ZAa of the dif- 
ference Aa and the difference (aO-a) are reset to zero. 
[0180] When the brake pedal 33 is depressed dur- 
ing direction switching, the service brake control shown 

45 in, for example. Figs. 1 to 6 or Rgs. 7 to 9, is executed 
instead of the clutch pressure control shown in Fig. 19. 
[0181] The vehicle starting control will now be 
described. The vehicle starting control is executed after 
the direction switching control shown in Figs. 17(a) and 

50 1 7(b) is completed. That is, the vehicle starting control 
is executed when the vehicle is judged to be stopped in 
steps S310 and S311. The starting control includes a 
starting engine speed control procedure shown in Fig. 
20 and a starting. clutch control shown in Fig. 21 . 
55 [0182] The vehicle starting engine speed control 
routine shown in Rg. 20 will now be described. The rou- 
tine of Fig. 20 is basically similar to steps S21 0 to S21 7 
of the spin prevention control routine shown in Rg. 
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10(a). 

[0183] In step S400. the CPU 56 computes a target 
engine speed NETRG, which corresponds to the pedal 
depression degree ACC, referring to a map M12 shown 
in Fig. 13. In step S401, the CPU 56 computes the 5 

acceleration a of the output shaft 20, or the acceleration 
a of the front wheels 14. The acceleration a has a posi- 
tive value. 

[0184] In step S402, the CPU 56 judges whether 
the acceleration a is higher than the determination io 
value alO. The determination value a10 is used for 
judging whether the front wheels 1 4 are spinning due to 
acceleration of the vehicle. If the acceleration a is 
higher than the determination value alO, the CPU 56 
judges that the front wheels 1 4 are spinning and moves is 
to step S403 for starting the TRC control mode. 
[0185] In step S403, the CPU 56 sets a flag FTRC, 
which indicates that the TRC control mode is being exe- 
cuted, to one and moves to step S404. If the accelera- 
tion a is equal to or lower than the detemnination value 20 
a10 in step S402, the CPU 56 judges that the front 
wheels 14 are not spinning and moves to step S404. 
[0186] In step S404, the CPU 56 judges whether 
the flag FTRC is one. If the flag FTRC is one, the CPU 
56 moves to step S405. If the flag FTRC is not one, the 25 
CPU 56 moves to step S41 0. 

[0187] In step S405, the CPU 56 computes the dif- 
ference Aa (Aa=a-a10) between the acceleration a 
and the determination value a1 0. If the acceleration a is 
higher than the determination value alO, the difference 30 
Aa is positive. If the acceleration a is lower than the 
determination value alO, the difference Aa is negative. 
In step S406, the CPU 56 adds the difference Aa to the 
cun-ent accumulated value LAa and sets the resultant 
as a new accumulated value ZAa. If the added differ- 35 
ence Aa is positive, the accumulated value lAa is 
increased. If the added difference Aa is negative, the 
accumulated value lAa is decreased. 
[0188] In step S407. the CPU 56 judges whether 
the accumulated value LAa is higher than zero, or 40 
whether the value lAa Is positive. If the accumulated 
value LAa is positive, the CPU 56 moves to step S408. 
In step S408, the CPU 56 substitutes a predetemiined 
limit value NEO for the target engine speed NETRG and 
moves to step S410. The limit value NEO corresponds 45 
to, for example, the engine speed NE when the engine 
1 0 is idling. If the accumulated value LAa Is not positive, 
the CPU 56 moves to step S409 and sets the flag FTRC 
to zero for terminating the TRC control mode. Thereaf- 
ter, the CPU 56 moves to step S41 0. so 
[0189] In step S410, the CPU 56 controls the throt- 
tle actuator 15 to adjust the throttle opening size TH 
such that the target engine speed NETRG is obtained. 
Thus, when the accumulated value LAa Is positive, the 
engine speed NE is limited to the limit value NEO 55 
regardless of the pedal depression degree ACC. 
[0190] Like the spin prevention routine of Fig. 10(a), 
the routine of Rg. 20 prevents the front wheels 14 from 



spinning when the vehicle is started. 
[0191] The starting clutch pressure control routine 
shown in Fig. 21 will now be described. In the TRC con- 
trol in this routine, the clutch pressure PCL of the post- 
shifting clutch 21, 22 is temporarily lowered for stopping 
spinning when the acceleration a exceeds the detemni- 
nation value alO, or when the front wheels 14 are 
judged to be spinning. After spinning is stopped, the 
clutch pressure PCL is increased to a level that is lower 
than the value before the temporary reduction. The 
basic concept of this control procedure is the same as 
the ABS control, which is executed according to the 
clutch pressure control routine of Fig. 19. 
[01 92] In step S461 , the CPU 56 computes the dif- 
ference Aa (Aa=a-a20 ) between the acceleration a 
and a predetermined reference value a20. The acceler- 
ation a is a value that is computed in step S401 of the 
routine shown in Fig. 20. The reference value a20 is 
slightly lower than the determination value a1 0. 
[0193] In step S462, the CPU 56 adds the com- 
puted difference Aa to the current accumulated value 
LAa and sets the resultant as a' new accumulated value 
LAa. The value of the difference Aa is limited in a range 
from zero to a predetermined upper limit value. Thus, 
the difference Aa changes the accumulated value LAa 
only when the difference Aa is positive, or when the 
acceleration a is higher than the reference value a20. 
[0194] In step S463, the CPU 56 judges whether 
the acceleration a is higher than the determination 
value a10. If the acceleration is equal to or lower than 
the determination value alO, the CPU 56 judges that 
the front wheels 14 are not spinning and moves step 
S464. If the acceleration a is higher than the detemnina- 
tion value a1 0, the CPU 56 judges that the front wheels 
14 are spinning and moves to step S466. 
[0195] In step S464, the CPU 56 judges whether 
the flag FTRC, which is set in the routine of Fig. 20, is 
one. If the flag FTRC is not one, the CPU 56 moves to 
step S465 and sets the clutch pressure PCL to the max- 
imum value PCLmax. In step S469, the CPU 56 sends 
a current, the value ICL of which corresponds to the 
clutch pressure PCL (the maximum value PCLmax in 
this case), to the clutch valve 23, 24 of the post-shifting 
clutch 21, 22. Thus, the engagement force of the post- 
shifting clutch 21 , 22 is maximized immediately after the 
vehicle starting control is started, which sets the power 
transmission efficiency from the engine 10 to the front 
wheels 14 to one hundred percent, 
[0196] The post-shifting clutch 21 , 22 is completely 
engaged immediately after the vehicle starting control is 
started, which shortens the period during which the 
post-shifting clutch 21, 22 is partially engaged. There- 
fore, wear on the clutches 21 , 22 is reduced. 
[0197] In step S466, the CPU 56 substitutes a pre- 
detemnined limit value PCL21 for the clutch pressure 
PCL. The limit value PCL 21 may be the same as or dif- 
ferent from the limit value PCL21 set in step S341 of the 
clutch pressure control routine shown in Fig. 19. In step 
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S469, the CPU 56 sends a current, the value ICL of 
which corresponds to the clutch pressure PCL (the limit 
value PCL21 in this case), to the clutch valve 23, 24 of 
the post-shifting clutch 21, 22. In this manner, the 
engaging force of the post-shifting clutch 21, 22 is 5 
weakened when the front wheels 14 are judged to be 
spinning and the power transmission efficiency from the 
engine 10 to the front wheels 14 is lowered. As a result, 
the spinning of the front wheels 14 is stopped. 
[01 98] When the clutch pressure PCL is lowered for 10 
preventing the front wheels 14 from spinning, the accel- 
eration a is lowered. If the acceleration a is judged to be 
lower than the determination value alO in step S463 
and if the flag FTRC Is one in step S464, the CPU 56 
moves to step S467 to increase the clutch pressure is 
PCL 

[01 99] In step S467, the CPU 56 computes a varia- 
ble lAa! based on the difference Aa and the accumu- ' 
lated value lAa in the same manner as step S342 of 
Fig. 19. The variable ZAa* is a value between zero and 20 
one. When the accumulated value LAa is zero, the vari- 
able XAa' is one. The variable lAa' decreases as the 
accumulated value lAa increases. 
[0200] In step S468, the CPU 56 multiplies the max- 
imum value PCLmax by the variable EAa' and sets the 
resultant as the clutch pressure PCL of the post-shifting 
clutch 21 , 22. As the variable EAa' decreases due. to an 
increases of the accumulated value lAa, the clutch 
pressure PCL decreases. In step S469, the CPU 56 
sends a cun-ent, the value ICL of which corresponds to 
clutch pressure PCL representing the variable ZAa', to 
the clutch valve 23, 24 of the post-shifting clutch 21 , 22. 
When the clutch pressure PCL is subsequently 
increased from the limit value PCL21,.the clutch pres- 
sure PCL is set in accordance with the accumulated 
value TAa and is smaller than the maximum value 
PCLmax. 

[0201] In the starting clutch pressure control shown 
in Fig. 21, the vehicle is started in a direction that is 
opposite to the direction in which the vehicle had been 
moving until the shift lever 37 was shifted. At this time, 
the post-shifting clutch 21, 22 is completely engaged. If 
the front wheels 14 are judged to be spinning, the 
engaging force of the post-shifting clutch 21 , 22 is tem- . 
porarily reduced and is subsequently increased. When 
increased, the coupling force is weaker than that before 
the reduction. Every time the coupling force is reduced 
and increased, the coupling force is gradually weak- 
ened compared to that of the previous pressurization. 
As a result, the coupling force Is weakened to a level 
that does not cause the front wheels 14 to spin. As 
shown In Fig. 16(b), the acceleration a seeks a value 
that is slightly lower than the determination value alO. 
[0202] The procedure of the routine shown in Rgs. 
1 7(a) to 21 will now be described with reference to tim- 
ing charts shown- in Figs. 16(a) to 16(d). The timing 
charts of Figs. 16(a) to 16(d) show changes after the 
shift lever 37 is shifted for direction switching. Rg. 1 6(a) 



shows changes of the vehicle speed V. Rg. 1 6(b) shows 
changes of the acceleration a. Rg. 16(c) shows 
changes of the clutch pressure PCL of the post-shifting 
clutch 21, 22. Fig. 16(d) shows changes of the engine 
speed NE. 

[0203] At time tO, the shift lever 37 is shifted to 
switch the moving direction of the vehicle, which disen- 
gages the clutch 21 , 22 that con-esponds to the previous 
shift lever position. The other clutch, which corresponds 
to the current shift lever position, or the post-shifting 
clutch 21, 22. is engaged. At this time, the clutch pres- 
sure PCL of the post-shifting clutch 21. 22 is set to the 
initial clutch pressure PCL20, which reflects the load 
weight W and the deceleration mode. Also, a prediction 
period TSB, which is from when the shift lever 37 is 
shifted to when the vehicle is stopped, is computed. As 
shown in Rg. 16(d), the engine speed NE is maintained 
no higher than an upper limit value NESB until the pre- 
dicted period TSB has elapsed. Therefore, when the 
vehicle is decelerated due to direction switching, the 
vehicle is smoothly decelerated. 
[0204] If the front wheels 1 4 are locked due to brak- 
ing based on the initial clutch pressure PCL20, the ABS 
control procedure is executed. As shown in Figs. 16(b) 
25 and 1 6(c), when the acceleration a falls below the deter- 
mination value aO, the clutch pressure PCL is lowered 
to the limit value PCL21. When the clutch pressure PCL 
is restored from the limit value PCL21 , the clutch pres- 
sure PCL is set to a value that is lower than the initial 
30 clutch pressure PCL20. Thereafter, every time the 
clutch pressure PCL is restored from the limit value 
PCL21, the clutch pressure PCL is gradually 
decreased. As a result, the vehicle is smoothly stopped 
in a relatively short distance without locking the front 
35 wheels 14. 

[0205] When the predicted period TSB has elapsed 
and the vehicle speed V falls equal to or below the 
detemnination value VO (time t1 ), the vehicle is judged to 
have stopped. The CPU 56 initiates the vehicle starting 
40 control procedure. In the starting control procedure, the 
clutch pressure PCL Is first set to the maximum value 
PCLmax as shown in Fig. 16(c), and the post-shifting 
clutch 21, 22 is completely engaged. At this time, the 
vehicle speed V is substantially zero. The input speed 
45 and the output speed of the post-shifting clutch 21 . 22 
are substantially zero and the same. Therefore, if the 
post-shifting clutch 21. 22 is suddenly completely 
engaged, little shock Is created. 
[0206] In the starting control procedure, the engine 
so speed NE is set to a value that corresponds to the pedal 
depression degree ACC. However, if the accumulated 
value.ZAa of the difference Aa between the acceleration 
a and the determination value alO is higher than zero, 
the engine speed NE is set to a limit value NED as 
55 shown in Rg. 16(d). This is effective for preventing the 
front wheels 1 4 from spinning. 
[0207] If the front wheels 14 spin when the vehicle 
is started, the TRC control procedure is performed. That 
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is, if the acceleration a exceeds the determination value 
a10 as shown in Rgs. 16(b) and 1 6(c), the clutch pres- 
sure PCL is lowered to the limit value PCL21 . When the 
clutch pressure PCL is restored from the limit value 
PCI-21. the clutch pressure PCL is lower than the max- 
imum value PCLmax. Thereafter, every time the clutch 
pressure PCL is restored from the limit value PCL21, 
the clutch pressure PCL is gradually decreased. As a 
result, the vehicle is smoothly and quickly accelerated 
without spinning the front wheels 14. 
[0208] When the accumulated value ZAa of the dif- 
ference Aa is equal to or lower than zero, the TRC con- 
trol procedure is terminated and the clutch pressure 
PCL is set to the maximum value PCLmax. Also, the 
engine speed NE is set to a value that corresponds to 
the pedal depression degree ACC. 
[0209] in addition to the advantages of the embodi- 
ments shown in Rgs. 1 to 11(d), the embodiment of 
Rgs. 12 to 21 has the following advantages. 
[0210] The vehicle speed V is computed based on 
the speed ND of the output shaft 20 detected by the 
rotational speed sensor 30 (see Rg. 1), However, if the 
front wheels 14 are locked during braking, the speed 
ND of the output shaft 20 is zero. Although the vehicle 
speed V is not zero, the vehicle speed V will be en'one- 
ously judged to be zero. Therefore, if the vehicle is 
judged to have stopped based only on the vehicle speed 
V computed according to a value detected by the rota- 
tional speed sensor 30 during direction switching, the 
vehicle may be en-oneously judged to be stopped. In 
this case, although the vehicle is still moving, a proce- 
dure for moving the vehicle in the opposite direction 
may be started when the front wheels 14 are locked, 
which creates a great shock. Accordingly, the moving 
direction of the vehicle cannot be smoothly and reliably 
switched. 

[0211] In the embodiment of Rgs. 12 to 21, the 
vehicle is judged to haye stopped when the predicted 
period TSB has elapsed and the vehicle speed V is 
lower than the determination value VO, and then direc- 
tion switching is taken over by the vehicle starting pro- 
cedure. The predicted period TSB is computed based 
. on the current vehicle speed V and predetermined vehi- 
cle deceleration prediction data. The deceleration pre- 
diction data is determined taking the vehicle braking 
force, which is determined based on the load weight W, 
and the selected deceleration mode into account. 
Therefore, the predicted period TSB substantially accu- 
rately represents the time from when the direction 
switching procedure is started to when the vehicle is 
stopped. Thus, in the direction switching procedure, 
locking of the front wheels 14 Is not taken to mean that 
the vehicle is stopped. The vehicle is reliably stopped 
and then the starting procedure is started, which results 
in a smooth direction switching procedure. 
[0212] Stopping of the vehicle is accurately 
detected without installing additional sensors, which 
simplifies the system and reduces the cost. 



[021 3] The engine speed NE is set equal to or lower 
than the predetermined upper limit value NESB from 
when the direction switching procedure started until the 
vehicle is stopped, which pemnits the vehicle to be 
5 smoothly decelerated and the moving direction to be 
reliably switched. 

[0214] The upper limit value NESB of the engine 
speed NE is detemiined in accordance with the load 
weight W. Therefore, when the vehicle is braked, the 
10 engine speed NE is optimally limited according to the 
load weight W. 

[0215] If the vehicle has no mode switch 39, the 
deceleration prediction data, which is used for comput- 
ing the predicted period TSB, is detemnined without tak- 

15 ing the deceleration mode into account Thus, the 
selected deceleration mode need not be judged in steps 
8303 to s307, and the predicted period TSB need not 
be computed in accondance with the deceleration mode. 
Also, when computing the initial clutch pressure PCL20 

20 in step S332 shown in Rg. 19, the deceleration mode 
need not be considered, which simplifies the map Ml 3 
shown in Rg. 14, Accordingly, the control is simplified. 
[0216] A fifth embodiment of the present invention 
will now be described with reference to Rgs. 22 to 23(b). 

25 As shown in a flowchart of Fig. 22, the embodiment of 
Figs. 22 to 23(b) is the same as the embodiment of Figs. 
1 2 to 21 except that step S31 1 of Fig. 1 7(b) is replaced 
bystepS316. 

[0217] In step S316, the CPU 56 judges the differ- 

30 ence AVQ between the input speed and the output 
speed of the post-shifting clutch 21 , 22 is less than a 
predetermined value. The predetennined value is, for 
example, zero or a value close to zero. If the outcome is 
positive, the CPU 5a moves to step S315 and resets the 
*35 direction switching flag FSB to zero. Thereafter, the 
CPU 56 moves to the starting control routine of Figs. 20 
and 21. If the outcome of step S316 is negative, the 
CPU 56 moves to step S31 2 for continuing the direction 
switching control procedure. 

40 [0218] The input speed of each clutch 21, 22 is 
equal to the speed NT of the input shaft 1 9 of the trans- 
mission 12, which is detected by the rotational speed 
sensor 28 shown in Fig. 1 . or to the speed NT of the out- 
put shaft 18 of the torque converter 11 (see Fig. 1). 

45 Thus, a value detected by the rotational speed sensor 
28 is used as the speed of the input shaft of the post- 
shifting clutch 21, 22. Reduction gears are. located 
between the output shaft of the post-shifting clutch 21, 
22 and the output shaft 20 of the transmission 12. 

50 Therefore, the speed of the output shaft of the post- 
shifting clutch 21. 22 and the speed ND of the output 
shaft 20 are proportional to each other according to the 
reduction ratio of the reduction gears. The speed of the 
output shaft of the post-shifting clutch 21 , 22 is com; 

55 puted based on the speed of the output shaft 20 
detected by the rotational speed sensor 30 shown in 
Fig. 1 taking the reduction ratio of the reduction gears 
into account. 
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[021 9] Fig. 23(a) is a graph showing changes of the 
output speed NF of the forward clutch 21, the output 
speed NR of the reverse clutch 22 and the speed NT of 
the output shaft 1 8 of the torque converter 1 1 when shift 
lever 37 is switched for direction switching. As described 
above, the speed NT of the output shaft 1 8 of the torque 
converter 1 1 (hereinafter referred to as turbine speed 
NT) represents the input speed of each clutch 21, 22. 
Rg. 23(b) is a graph showing changes of the vehicle 
speed V con-esponding to the graph of Fig. 23(a). These 
graphs show a state where the shift lever 37 is shifted 
from the reverse position R to the forward position F at 
time to. 

[0220] At time tO, the vehicle is moving backward. 
The reverse clutch 22 is engaged and the fonward clutch 
21 is disengaged. At this time, the output speed NR of 
the reverse clutch 22 is equal to the turbine speed NT If 
the gear ratio of the gears corresponding to the forward 
clutch 21 is equal to the gear ratio of the gears corre- 
sponding to the reverse clutch 22, the output speed NF 
of the forward clutch 22 Is equal to the output speed NR 
of the reverse clutch 22. The rotation direction of the 
output shaft of the forward clutch 21 is opposite to that 
of the reverse clutch 22 due to the reduction gears. 
[0221] The shift lever 37 is shifted from the reverse 
position R to the fonward position F at tinrie tO, which dis- 
engages the reverse clutch 22 and partially engages the 
forward clutch 21 , which is the post-shifting clutch, such 
that the forward clutch 21 functions as a brake (clutch 
pressure control of Fig. 1 9). Thus, the speed of the front 
wheels 1 4 and the vehicle speed V are lowered. Accord- 
ingly, the output speed NF of the forward clutch 21 and 
the output speed NR of the reverse clutch 22 are low- 
ered at the same gradient. Braking of the forward clutch 
21' creates a load, which acts on the output shaft 18 of 
the torque converter 1 1 , which lowers the turbine speed 
NT 

[0222] The vehicle speed V is zero at time t1 . At this 
time, the output speed NF otthe forward clutch 21 and 
the output speed NR of the reverse clutch 22 are also 
zero. Time t1 corresponds to a time at which the count 
value CNT, which represents the predicted period TSB 
in step S310, is zero. After time t1, the outcome of step 
S310 is negative and step S316 is executed. Until the 
difference AVQ between the input speed NF of the for- 45 
ward clutch 21 and the turbine speed NT fails below a 
predetermined value, the outcome of step S31 6 is neg- 
ative and the CPU 56 moves to step S312 to continue 
the direction switching control procedure. 
[0223] After time t1 . the forward clutch 21 functions so 
as a driving clutch. That is. rotation of the output shaft 
1 8 of the torque converter 1 1 is transmitted to the front 
wheels 14 through the reduction gears of the forward 
clutch 21. which is partially engaged. Accordingly, the 
front wheels 14 starts rotating in a direction opposite to 55 
the direction before time t1. Therefore, the vehicle is 
started in the opposite direction. The output shaft of the 
clutches 21 , 22 starts rotating in a direction opposite the 



direction before the time t1 . 

[0224] At time t2, which is later than time t1 , the out- 
put speed NF of the forward clutch 21 is substantially 
equal to the turbine sp.eed NT Ais a result, the outcome 
5 of step S316 in Rg. 22 is positive and the CPU 56 
moves to the starting control routine of Figs. 20 and 21. 
Since the output speed NF of the forward clutch 21 is 
substantially equal to the turbine speed NT (the input 
speed of the fonvard clutch 21), no great shock is cre- 
10 ated if the forward clutch 21 is suddenly cornpletely 
engaged in step S465 of Rg.21 . 
[0225] As described above, the direction switching 
control Is shifted to the vehicle starting control when the 
predicted period TSB has elapsed and the difference 
15 AVQ between the input speed and the output speed of 
the post-shifting clutch 21, 22 falls below the predeter- 
mined value. Thus, during the direction switching, the 
front wheels 14 are not erroneously judged to be locked. 
Further, the shock accompanying a complete engage- 
20 ment of the post-shifting clutch 21, 22 is significantly 
reduced. 

[0226] A sixth embodiment of the present invention 
will now be described with reference to Fig. 24. The 
sixth embodiment is the same as the embodiment of 
25 Figs. 1 2 to 21 except that the routine of Figs. 1 7(a) and 
1 7(b) are replaced with the routine of Fig. 24. The same 
reference numerals are given to those steps that are the 
same as the corresponding steps in the flowchart of 
Rgs. 17(a) and 17(b). 
30 [0227] In the routine of Fig. 24, time at which the 
acceleration a changes from a negative value to a pos- 
itive value is judged to be time at which deceleration due 
to direction switching is shifted to the starting control for 
moving the vehicle in the opposite direction, or tirr^e at 
35 which the vehicle is stopped. The routine vyill be 
described with reference to Fig. 24. 
[0228] In step S301, the CPU 56 judges whether 
the shift lever 37 is shifted for direction switching. If the 
shift lever 37 is shifted, the CPU 56 moves to step S302 
40 and sets the direction switching flag FSB to one. There- 
after, the CPU 56 moves to step S309. If the shift lever 
37 is not shifted, the CPU 56 directly moves to step 
S309. 

[0229] In step S309, the CPU 56 judges whether 
the direction switching flag FSB is one. If the flag FSB is 
not one, the CPU 56 temporarily suspends the cun-ent 
routine. If the flag FSB is one, the CPU 56 moves to step 
S317. 

[0230] In step S31 7, the CPU 56 judges whether a 
flag FABS, which indicates whether the ABS control 
mode is being perfomied, is one. The flag FABS is set in 
step S3 13 in the clutch pressure control routine of Fig. 
19. If the flag FABS Is one, the CPU 56 moves to step 
S31 8. If the flag FABS is one, the CPU 56 moves to step 
S319. 

[0231 ] In step S31 8, the CPU 56 judges whether a 
predetemiined period TQ has elapsed since the clutch 
pressure PCL of the post-shifting clutch 21, 22 is 
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restored from the limit value PCL21 . If the outcome is 
positive, the CPU 56 moves to step S319. If the out- 
come is negative, the CPU 56 directly moves to step 
S312 without executing step S31 9. 
[0232] In step S319, the CPU 56 judges whether 5 
the acceleration a is higher than zero, that is, whether 
the acceleration a has a positive value. If the outcome is 
positive, the CPU 56 judges that the vehicle has 
switched from deceleration to the starting control for the 
opposite direction, that is, the vehicle has stopped, and io 
moves to step S316. If the outcome is negative in step 
S31 9. the CPU 56 judges that the vehicle is still decel- 
erating and moves to step S312. 
[0233] During the ABS control according to the 
clutch pressure control routine of Fig, 1 9, the accelera- 75 
tion a can be changed from a negative vailue to a posi- 
tive value even if the vehicle is decelerating. Thus, when 
the acceleration a Is changed to a positive value due to 
execution of the ABS control, the vehicle can be en-one- 
ously judged to be switched from the deceleration pro- 20 
cedure to the starting procedure in the opposite 
direction. Step S31 8 prevents this error. 
[0234] The importance of step S318 will now be 
described. As shown in Figs. 15(b) and 15(c), when the 
acceleration a is lower than the determination value aO 25 
during the ABS control according to the routine of Fig. 
19, the clutch pressure PCL is set to the limit value 
PCL21 . As a result, the acceleration a, which has fallen 
below the determination value aO, is raised. That is, 
when the braking force is reduced, the deceleration of 30 
the front wheels 14, which had been increasing, starts 
to decrease. When the acceleration a surpasses the 
determination value aO, the clutch pressure PCL is 
increased to a value that is greater than the limit value 
PCL21 thus limiting the increase of the acceleration a. 35 
That is, the braking force is increased again, which lim- 
its the decrease of the deceleration of the front wheels 
14. Although not shown in Rg. 15(b), after the clutch 
pressure PCL is increased from the limit value PCL21, 
the acceleration a may increase from a negative value 40 
to a positive value, 

[0235] Until a predetermined period TQ (for exam- 
ple, 0,2 to 0.5 seconds) has elapsed from when the 
clutch pressure PCL is increased from the limit value 
PCL21, in other words, during a period in which the 45 
acceleration a can become a positive value due to the 
ABS control, the outcome of step S31 8 is negative such 
that step S319 is not executed. Therefore, if the acceler- 
ation a is positive in step S31 9, it is accurately judged 
that the vehicle has switched from deceleration to start- 50 
ing in the opposite direction. The time at which a posi- 
tive outcome of step S31 9 is determined corresponds to 
time t1 in Figs. 23(a) and 23(b). 
[0236] Step S316 is the same as step S316 in Fig. 
22. That is, the CPU 56 judges whether the difference 55 
AVQ between the input speed and the output speed of 
the post-shifting clutch 21, 22 is less than predeter- 
mined value. If the outcome is positive, the CPU 56 



moves to step S3 15 for executing the starting control 
routine of Figs. 20 and 21. If the outcome is negative, 
the CPU 56 moves to step S31 2 for continuing the direc- 
tion switching control. 

[0237] In step S312, the engine speed control of 
Fig. 18 is executed. In step S313, the clutch pressure 
control of Fig. 1 9 is executed. 
[0238] The sixth embodiment has the same advan- 
tages as the embodiments of Figs. 1 2 to 21 and Figs. 22 
to 23(b). Particularly, the period from when the direction 
switching is started until when the vehicle is stopped 
need not be computed, which simplifies the procedure. 
[0239] A seventh embodiment of the present inven- 
tion will now be described with reference to Fig. 5. The 
seventh embodinient is the same as the embodiment of 
Figs. 12 to 21 except that the vehicle starting clutch 
pressure control routine of Fig. 21 is replaced by the 
routine of Fig. 25. The same reference numerals are 
given to those steps that are the same as the con^e- 
sponding steps in the flowchart of Fig. 21 . 
[0240] In the routine of Fig. 21, the post-shifting 
clutch 21 . 22 is completely engaged immediately after 
the vehicle starting control is initiated. In the start clutch 
pressure control routine of Fig. 25, however, the post- 
shifting clutch 21, 22 is partially engaged immediately 
after the vehicle starting control is initiated. Then, the 
engaging force of the post-shifting clutch 21 , 22 is grad- 
ually increased for a predetermined period TS after the 
starting control is started unless the front wheels 14 
spin. After the period TS, the engaging force of the post- 
shifting clutch 21, 22 is maximized. If the front wheels 
14 are judged to be spinning, the TRC control is exe- 
cuted in the same manner as the routine of Rg. 21. The 
routine of Fig. 25 will now be described. 
[0241] In step S480, the CPU 56 judges whether 
the current routine is being executed for the first time 
since the starting control was initiated. If the outcome is 
positive, the CPU 56 moves to step S481. If the out- 
come is negative, the CPU 56 moves to step S482, 
[0242] In step S481 , the CPU 56 computes an initial 
clutch pressure PCL30 of the post-shifting clutch 21 , 22 
according to the load weight W. The initial clutch pres- 
sure PCL30 is smaller than the maximum value 
PCLmax of the clutch pressure PCL and increases as 
the load weight W increases. The initial clutch pressure 
PCL30 may be computed according to the load weight 
W and the deceleration mode. In this case, a map sirrii- 
lar to the map Ml 3 shown in Rg. 14 is referred to when 
computing the initial clutch pressure PCL30. 
[0243] In step S492, the CPU 56 adds the predeter- 
mined value AP to the current initial clutch pressure 
PCL30 and sets the resultant as a new initial clutch 
pressure PCL30. Therefore, the initial clutch pressure 
PCL30 gradually increases as time passes after the 
starting control procedure is started. 
[0244] Steps S461 to S464, S466. S467 and S469, 
which will be described below, are the same as the rou- 
tine of Fig. 21. In steps S461 and S462, the CPU 56 
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computes the difference Aa between the acceleration a 
and the reference value a20. The CPU 56 also adds the 
difference Aa, the value of which has been limited, the 
current accumulated value LAa and sets the resultant 
as a new accumulated value ZAa. 
[0245] In step S483. the CPU 56 judges whether a 
measured time TST from the start of the starting control 
has reached the predetermined period TS. If the meas- 
ured time TST has not reached the predetermined 
period TS, the CPU 56 moves to step S463. If the meas- 
ured time TST has reached the period TS, the CPU 56 
moves to step S484. 

[0246] In step S463, the CPU 56 judges whether 
the acceleration a is higher than the determination 
value alO. If the acceleration a is lower than the deter- 
mination value alO, the CPU 56 judges that the front 
wheels 14 are not spinning and moves to step 8464. If 
the acceleration a is higher than the determination 
value a10, the CPU 56 judges that the front wheels 14 
are spinning and moves to step S466. 
[0247] In step S464. the CPU 56 judges whether 
the flag FTRC, which is set in the routine of Fig. 20, is 
one. If the flag FTRC is not one, the CPU 56 moves to 
step S485 and sets the clutch pressure PCL to the Initial 
clutch pressure PCL30. In step S469, the CPU 56 
sends a current the value ICL of which con-esponds to 
the clutch pressure PCL (the initial clutch pressure 
PCL30) to the clutch valve 23, 24 of the post-shifting 
clutch 21, 22. Thereafter, the CPU 56 increments the. 
measured time TST in step S487 and temporarily sust 
pends the current routine. 

[0248] When the vehicle starting control Is Initiated, 
the clutch pressure PCL of the post-shifting clutch 21 , 
22 is set to the initial clutch pressure PCL30, which is 
computed according to the load weight W in step 481. 
Thereafter, the initial clutch pressure PCL Is gradually 
increased until the measured time TST reaches the pre- 
determined period TS unless the front wheels 14 spin. 
[0249] If the measured time TST reaches the pre- 
determined time TS in step S483, the CPU 56 moves to 
step S484. In step S484, the CPU 56 sets the clutch 
pressure PCL to the maximum value PCLmax and 
moves to step S469. In this manner, the engaging force 
of the post-shifting clutch 21, 22 is maximized, which 
sets the power transmission efficiency from the engine 
1 0 to the front wheels 14 to one hundred percent. 
[0250] If the acceleration a is higher than the deter- 
mination alO in step S463, the CPU 56 moves to step 
S466 and sets the clutch pressure PCL to a predeter- 
mined limit value PCL21 . Then, the CPU 56 moves to 
step S469, Accordingly, the engaging force of the post- 
shifting clutch 21 , 22 is reduced, which stops the front 
wheels 14 from spinning. When the acceleration a sur- 
passes the detemiination value alO. the CPU 56 sets 
the flag FTRC to one in the routine of Fig. 20 and starts 
the TRC control mode. 

[0251] If the acceleration a is lower than the deter- 
mination value alO in step S463 and the flag FTRC is 



one in step S464, the CPU 56 moves to step S467. In 
step S467, the CPU 56 computes a variable IA& based 
on the accumulated value lAa of the difference Aa. 
Then, in step S486, the CPU 56 multiplies the initial 
5 clutch pressure PCL30 by the variable LAa' and sets the 
resultant as the clutch pressure PCL of the post-shifting 
clutch 21, 22. The CPU 56 then moves to step S469. 
Therefore, when the clutch pressure PCL is increased 
from the limit value PCL21, the clutch pressure PCL is 
to smaller than the cun-ent Initial clutch pressure PCL30 
according to the accumulated value ZAa. 
[0252] In the seventh embodiment, the post-shifting 
clutch 21, 22 is not completely engaged but partially 
engaged immediately after the vehicle starting control is 
15 started Then, during the predetennined period TS after 
the start of the starting control, the engaging force of the 
post-shifting clutch 21, 22 is gradually increased unless 
the front wheels 14 spin. Thus, the vehicle is smoothly 
started without shock. 
20 [0253] The initial clutch pressure PCL30, which is 
set immediately after the vehicle starting control is 
started, is determined taking the load weight W into 
consideration. Therefore, when switching the moving 
direction, the vehicle is not influenced by the load weight 
25 W and is smoothly accelerated in the opposite direction. 
[0254] The embodiments of Figs. 12 to 25 may be 
embodied in the following manners. 
[0255] Step S3 1 1 in Fig. 17(b) or step S3 16 of Rg. 
22 may be omitted. In this case, when the predicted 
30 period TSB has elapsed in step S310, the CPU 56 
switches from the direction switching control to the vehi- 
cle starting control. Likewise, step S316 of Fig. 24 may 
be omitted. In this case, when the acceleration a is a 
positive value in step S31 9, the CPU 56 shifts the direc- 
ts tion switching control to the vehicle starting control. 
[0256] The predicted period TSB need not be a 
period from when the direction switching is started until 
the vehicle is stopped. The period TSB may be the 
period from when the direction switching is started until 
40 the vehicle speed V becomes equal to the determina- 
tion value VO (see Fig. S31 1 in Fig. 17(b)). That is, the 
predicted period TSB may be a period from when the 
direction switching is started until the vehicle speed V is 
decreased to a value that is sufficiently low for switching 
45 the moving direction without creating any shock. 

[0257] The predicted period TSB need not be com- 
puted based on the vehicle deceleration prediction data, 
which is previously stored in the ROM 57. That is, the 
vehicle deceleration may be actually detected when the 
50 vehicle is decelerated due to direction switching and the 
predicted period TSB may be computed based on the 
detected deceleration. 

[0258] When the vehicle is decelerating due to 
direction switching, braking by the post-shifting clutch 
55 21 , 22 need not be executed. The vehicle may be decel- 
erated by limiting the engine speed NE to, for example, 
the idling speed. 

[0259] When the vehicle is decelerating due to the 
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direction switching control, tlie engine speed NE need 
not be linnited. 

[0260] During the ABS control or the TRC control, 
the clutch pressure PCL need not be fixed to the limit 
value PCI_21, The clutch pressure PCL may be gradu- 5 
ally changed. 

[0261] A sensor for detecting the speed of the rear 
wheels (not shown) may be used. 
[0262] An eighth embodiment of the present inven- 
tion will now be described with reference to Figs. 26 to io 
27(b). The eighth embodiment is a modification of the 
clutch control procedure that was explained in the 
embodiment of Figs. 1 to 6. Since the mechanical struc- 
ture of the vehicle of the eighth embodiment is the same 
as that of Fig. 1 , the wheel brakes 46 shown in Fig. 7 75 
may be used for the front wheels 1 4. 
[0263] As described in the clutch control section of 
the embodiment of Figs. 1 to 6, when the shift lever 37 
is switched from the neutral position N to the forward 
position F or to the reverse position R, the clutch pres- 20 
sure PFCL, PRCL of the clutch 21, 22 that corresponds 
to the new shift lever position is temporarily maintained 
at the initial value PRCLO, PRCLO and is then increased 
to maximum value PFCLmax, PRCLmax. 
[0264] in the embodiment of Figs. 1 to 6, the clutch 25 
pressure PFCL, PRCL is maintained at the initial value 
PFCLO, PRCLO until the difference AN between the 
engine speed NE and the speed NT of the output shaft 
1 8 of the torque converter 1 1 falls below the determina- 
tion value ANO.. In the eighth embodiment, the clutch 30 
pressure PFCL, PRCL is maintained at the initial value 
PFCLO, PRCLO until the difference AVQ between the 
input speed VIn and the output speed Vout of the clutch 
21 , 22 falls below a predetermined detemnination value 
AVQO. This procedure will be described with reference 35 
to the flowchart of Rg. 26, 

[0265] Fig. 26 is a flowchart showing the clutch con- 
trol routine executed by the CPU 56. The routine of Fig. 
26 is executed at predetermined intervals, for example 
ten milliseconds, while the engine 10 is running. 40 
[0266] In step S510, the CPU 56 judges whether 
the signal PS, which represents the shift lever position, 
indicates the neutral position N. If the shift position sig- 
nal PS indicates the neutral position N, the CPU 56 
moves to step S511. In step S511, the CPU 56 maxi- 45 
mizes the values IFCL, IRCL of a current to the clutch 
valves 23, 24, that is, the CPU 56 sets the electric cur- 
rent value to the maximum values IFCLmax, IRCLmax 
so that the clutch pressures PFCL, PRCL of the 
clutches 21 , 22 are zero. The CPU 56 then temporarily so 
suspends the current routine. In this embodiment, the 
clutch pressures PFCL, PRCL decrease as the values 
IFCL, IRCL of the electric currents to the clutch valves 
23. 24 are increased. 

[0267] If the shift position signal PS Indicates the 55 
forward position F or the reverse position R, the CPU 56 
moves to step S512. In step S512, the CPU 56 com- 
putes the difference AVQ between the input speed Vin 



. and the output speed Vout of the clutch 21 , 22 that cor- 
responds to the current shift lever position. 
[0268] As described in the embodiment of Figs. 22 
to 23(b), the speed NT of the input shaft 19, which is 
detected by the rotational speed sensor 28 shown in 
Fig. 1 , is used as the input speed Vin of the clutches 21 , 
22. The output speed Vout of the clutches 21 , 22 is com- 
puted based on the speed ND of the output shaft 20, 
which is detected by the rotational speed sensor 30, 
taking the reduction ratio of the reduction gears Into 
account 

[0269] In step S513, the CPU 56 judges whether 
the absolute value of the rotational speed difference 
AVQ is less than a detemnlnatlon value AVQO. The 
determination value AVQO is, for example, zero or a 
value close to zero. If the rotational speed difference 
AVQ is equal to greater than the determination value 
AVQO. the CPU 56 moves to step S514. In step S514, 
the CPU 56 Judges whether the shift position signal PS 
indicates the forward position F or the reverse position 
R. 

[0270] If the shift position signal PS indicates the 
fonward position F, the CPU 56 moves to step S515. In 
step .S515, the CPU 56 sets the current value IFCL to 
the forward clutch valve 23 to an initial value IFCLO, 
which corresponds to the initial value PFCLO of the for- 
ward clutch pressure PFCL and temporarily suspends 
the current routine, if the shift position signal PS indi- 
cates the reverse position R in step S514, the CPU 56 
moves to step S51 6. In step 851 6, the CPU 56 sets the 
current value IRCL to the reverse clutch valve 24 to an 
initial value IRCLO, which corresponds to an Initial value 
PRCLO of the reverse clutch pressure PRCL and tem- 
porarily suspends the current routine. 
[0271] The initial values PFCLO, PRCLO are deter- 
mined taking the load weight W mto account. The initial 
values PFCLO, PRCLO are increased as the load weight 
W increases. Therefore, the initial values IFCLO, IRCLO 
of the current values that con-espond to the initial values 
PFCLO, PRCLO decrease as the load weight W 
increases. A map (not shown) that defines the relation- 
ship between the .load weight W and the initial value 
PRCLO, PRCLO or the initial values IFCLO. IRCLO is 
previously stored in the ROM 57 of Rg. 2. 
[0272] If the rotational speed difference AVQ is less 
than the determination value AVQO in step S513, the 
CPU 56 moves to step S517. In step 517. the CPU 56 
judges whether the shift position signal PS indicates the 
forward position F or the reverse position R: 
[0273] If the shift position signal PS indicates the 
forward position F, the CPU 56 moves to step S518. In 
step 51 8, the CPU 56 sets the current value IFCL to the 
fonward clutch valve 23 to zero so that the forward clutch 
pressure PFCL is set to the maximum value PFCLmax. 
. Then, the CPU 56 temporarily suspends the current 
routine. If the shift position signal PS indicates the 
reverse position R, the CPU 56 moves to step S519, In 
step S519, the CPU 56 sets the current value IRCL to 
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• zero so that the reverse clutch pressure PRCL is set to 
the maximum value PRCLmax. Then, the CPU 56 tem- 
porarily suspends the cun-ent routine. 
[0274] The clutch control will now be described with 
reference to the timing charts of Figs. 27(a) and 27(b). 
Fig. 27(a) shows changes of the cun-ent value IFCL to 
the fonward clutch valve 23 and the forward clutch pres- 
sure PFCL when the shift lever 37 is shifted from the 
neutral position N to the forward position F The left ver- 
tical axis refers to the current value IFCL, and the right 
vertical axis refers to the forward clutch pressure PFCL. 
Fig, 27(b) shows changes of the Input speed Vin and 
the output speed Vout of the forward clutch 21. When 
the shift lever 37 is shifted from the neutral position N to 
the reverse position R, the reverse clutch 22 and the 
reverse clutch valve 24 behave like the forward clutch 21 
and the fonward clutch valve 23 as shown in Figs. 27(a) 
and.27(b). 

[0275] When the shift lever 37 is at the neutral posi- 
tion N, the current value IFCL is maintained at the max- 
imum value IFCLmax, which maintains the forward 
clutch, pressure PFCL to zero. In this state, the input 
speed Vin corresponds to the current engine speed NE, 
and the output speed Vout is zero. 
[0276] When the shift lever 37 is switched to the for- 
ward position F at time t11, the current value IFCL is 
changed to the initial value IFCLO, which increases the 
forward clutch pressure PFCL to the initial value PFCLO. 
The initial value IFCLO of the cun-ent value IFCL has a 
smaller value for a smaller load weight W. Therefore, the 
initial value PFCLO of the forward clutch pressure PFCL 
increases as the load weight W increases. 
[0277] When the forward clutch pressure PFCL is 
the initial value PFCLO, the fonward clutch 21 is partially 
engaged. Accordingly, the output speed Vout gradually 
increases, which starts the vehicle slowly, rather than 
suddenly. The load due to the forward movement of the 
vehicle gradually decreases the input speed Vin. 
[0278] At time t12, which is slightly later than time 
til, the output speed Vout substantially matches the 
input speed Vin. Then, the outcome of step S513 of Fig. 
26 is positive and step S518 is executed. That is, the 
current value IFCL is set to zero and the forward clutch 
pressure PFCI is increased to the maximum value 
PFCLmax. Since the output speed Vout is substantially 
the same as the input speed Vin, complete engagement 
of the fonvard clutch 21 in step S518 does not create 
shock. 

[0279] After time tl 2, the output speed Vout and the 
input speed Vin equally increase to a value that corre- 
sponds to the current engine speed NE. 
[0280] The clutches 21. 22 are controlled in the 
above manner when the vehicle is started, which per- 
mits the vehicle to be smoothly started without a shock. 
Further, the period during which the clutches 21 , 22 are , 
partially engaged is a minimally required period for 
avoiding a shock caused by a complete engagement. 
Therefore, wear of the clutches 21. 22 due to partially 



engagement is minimized. Also, the vehicle is quickly 
accelerated. 

[0281] . The initial values PFCLO, PRCLO of the 
clutch pressures PFCL, PRCL are determined taking 
5 the load weight W into consideration. Thus, the operator 
feels the same acceleration for the same degree of 
depression of the acceleration pedal 31 regardless of 
the load weight W. 

[0282] A ninth embodiment of the present invention 
10 will now be described with reference to Figs. 28(a) to 
29(b). Mainly, the differences from the embodiment of 
Rgs. 26 to 27(fa) will be discussed below. The embodi- 
ment of Figs. 28(a) to 29(b) is different from the embod- 
iment of Rgs. 26 to 27(b) in that the clutch pressures 
15 PFCL, PRCL are gradually increased from initial values 
PFCLO, PRCLO at a rate that is detemnined based on 
the engine speed NE from when the shift lever 37 is 
switched to the forward position F orto the reverse posi- 
tion R until a predetermined period TA elapses. 
20 [0283] A clutch control according to the ninth 
embodiment will now be described with reference to 
flowcharts of Figs. 28(a) and 28(b) and graphs of Figs. 
29(a) and 29(b). Like Fig. 27(a), the Fig. 29(a) and 29(b) 
show changes of the current value IFCL to the fonward 
25 clutch valve 23 and the fon^^ard clutch pressure PFCL 
when the shift lever 37 is switched from the neutral posi- 
tion N to the fonward position F 
[0284] In step S530 of Fig. 28(a), the CPU 56 
judges whether the shift position signal PS indicates the 
30 neutral position N. if the shift position signal PS indi- 
cates the neutral position N, the CPU 56 moves to step 
S531 and executes the same process as step S511. 
That is, the CPU 56 sets the current value IFCL, IRCLto 
the clutch valves 23, 24 to the maximum values 
35 IFCLmax. IRCLmax so tha:t the clutch pressures PFCL, 
PRCL of the clutches 21, 22 are set to zero. In step 
S532, the CPU 56 resets a measured period TSA to 
zero and temporarily suspends the cun-ent routine. 
[0285] If the shift position signal PS does not indi- 
40 cate the neutral position N in step S530, the CPU 56 
moves to step S533. In step S533. the CPU 56 judges 
whether the shift position signal PS indicates the for- 
ward position F or the reverse position R. 
[0286] If the shift position signal PS indicates the 
45 fonvard position F, the CPU 56 moves to step S534 and 
computes a reduction value AlFCL of the current value 
IFCL to the fonvard clutch valve 23 based on the engine 
- speed NE. The reduction value AIFCL is increased as 
the engine speed NE increases. A map (not shown) 
50 defining the relationship between the engine speed NE 
and the reduction value AIFCL is previously stored in 
the ROM 57 of Fig. 2. . 

[0287] In step S535, the CPU 56 increments the 
measured period TSA. I n step S536, the CPU 56 judges 
55 whether the measured time TSA is equal to or less than 
a predetermined period TA. The predetermined period 
TA is determined considering the period in which the dif- ' 
ference AVQ between the input speed Vin and the out- 
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put speed Vout of the clutch 21 , 22 that corresponds to 
the shifted lever position falls below a determination 
value AVQO (see the embodiment of Figs. 26 to 27(b)). 
Therefore, when the measured period TSA reaches the 
predetermined period TA, the speed difference AVQ is § 
less than the determination value AVQO. If the meas- 
ured period TSA has not reached the predetermined 
period TA, the CPU 56 moves to step S537. 
[0288] In step S537, the CPU 56- multiplies the 
reduction value AIFCL by the measured period TSA and io 
subtracts the resultant from the Initial value I FCLO of the 
currerit value IFCL. The CPU 56 sets the final resultant 
as the current value IFCL to the fonward clutch valve 23 
and temporarily suspends the cun^ent routine. Like the 
embodiment of Figs. 26 to 27, the Initial value IFCLO of 15 
the current value IFCL is determined according to the 
load weight W. 

[0289] Therefore, as shown In Rg. 29(a), the cur- 
rent value IFCL decreases from the initial value IFCLO 
at a rate that corresponds to the engine speed NE from 20 
when the shift lever 37 is shifted to the fonA^ard position 
F at time t11 . As a result, the forward clutch pressure 
PFCL is increased from the initial value PFCLO. which 
con-esponds to the load weight W, at a rate that corre- 
sponds to the engine speed NE. 25 
[0290] The reduction value AIFCL of the current 
value IFCL is increased as the engine speed NE 
increases. Thus, as shown in Fig. 29(b), the current 
value IFCL decreases at a greater rate when the engine 
speed NE is greater. As a result, the forward clutch 30 
pressure PFCL increases at a greater rate when the 
engine speed NE is higher. 

[0291] If the measured period TSA exceeds the 
predetermined period TA in step S536, the CPU 56 
moves to step S538. in step 538, the CPU 56 sets the 35 
current value IFCL to the forward clutch valve 23 to zero 
so that the forward clutch pressure PFCL is set to the 
maximum value PFCLmax and temporarily suspends 
the current routine. As shown in Figs. 29(a) and 29(b), 
the current value IFCL is gradually decreased to zero in 40 
time. 

[0292] If the shift position signal PS indicates the 
reverse position R in step S533, the CPU 56 moves to 
step S539, which is shown in Fig. 28(b). Steps S539 to 
543 corresponds to steps S534 to S538, which are exe- 45 
cuted when the shift position is switched to the forward 
position R 

[0293] That is, in step S539, the CPU 56 computes 
a reduction value AIRCL of the current value IRCL to the 
reverse clutch valve 24 based on the engine speed NE. so 
The reduction value AIRCL is increased as the engine 
speed NE increases. A map (not shown) that defines 
the relationship between the engine speed NE and the 
reduction value AIRCL is previously stored in the ROM 
57 of Fig. 2. 55 
[0294] In step S540, the CPU 56 increments the 
measured period TSA. In step S541 , the CPU 56 judges 
whether the measured period TSA is equal to or less 



than the predetemiined period TA. If the measured 
period TSA is equal to or less than the predetermined 
period TA, the CPU 56 moves to step S542. . 
[0295] In step S542, the CPU 56 multiplies the 
reduction value AIRCL by the measured period TSA 
and subtracts the resultant from the initial value IRCLO 
of the current value IRCL. The CPU 56 sets the final 
resultant as the current value IRCL to the reverse clutch 
valve 24 and temporarily suspends the current routine. 
Like the embodiment of Figs. 26 to 27(b). the initial 
value IRCLO of the current value IRCL is determined 
according to the load weight W, 
[0296] As a result, the reverse clutch pressure 
PRCL is increased from the initial value PRCLO, which 
corresponds to the load weight W, at a rate correspond- 
ing to the engine speed NE as in the case of the fon^/ard 
clutch PRCL shown in Figs. 29(a) and 29(b). The 
reverse clutch PRCL is increased at a greater rate for a 
greater value of the engine speed NE. 
[0297] If the measured period TSA is more than the 
predetermined period TA in step S541, the CPU 56 
moves to step S543. In step S543, the CPU sets the 
current value IRCL to the reverse clutch valve 24 to zero 
so that the reverse clutch pressure PRCL is set to the 
maximum value PRCLmax and temporarily suspends 
the current routine. The current value IRCL is gradually 
decreased to zero in time. 

[0298] As the clutch pressures PFCL, PRCL 
increase, the load on the engine 10 increases.. There- 
fore, when the engine speed NE is low, in other words, 
when the engine power is small, a sudden increase of 
the clutch pressures PFCL, PRCL temporarily drops the 
engine speed NE due to the increase of the load on the 
engine 1 0. This hinders smooth starting of the vehicle. 
[0299] In this embodiment, when the shift lever 37 is 
switched to the forward position F or to the reverse posi- 
tion R, the clutch pressures PFCL, PRCL are increased 
from the initial values PRCLO, PRCLO at a rate that is 
determined according to the engine speed NE. The 
increase rate of the clutch pressures PFCL, PRCL is 
higher for a greater value of the engine speed NE. If the 
engine speed NE is low, the clutch pressures PFCL, 
PRCL are gradually increased, which prevents the load 
on the engine 10 from increasing suddenly. Therefore, 
the engine speed NE does not temporarily drop and the 
vehicle is started smoothly without jerky movements. 
[0300] If the engine speed NE is relatively high, the 
clutch pressures PFCL, PRCL are relatively quickly 
increased, which permits the vehicle to be rapidly accel- 
erated. 

[0301] The difference AVQ between the input speed 
Vin and the output speed Vout of the clutches.21, 22 is 
judged to be less than the determination value AVQO 
when the measured period TSA surpasses the prede- 
termined period TA. Therefore, the input speed Vin and 
the output speed Vout need not be detected, which sim- 
plifies the control, 

[0302] The embodiments of Figs. 26 to 29(b) may 



51 



EP 1 093 986 A2 



52 



be modified as follows. 

[0303] The initial values PFCLO, PRCLO of the 
clutch pressures PFCL. PRCL be constant regard- 
less of the load weight W. 

[0304] In the embodiment of Rgs. 28(a) to 29(b), 
the decrease rate of the current value IFCL, IRCL (the 
increase rate of the clutch pressure PFCL, PRCL) may 
be constant regardless of the engine speed NE. Even 
with such modification, the vehicle acceleration is 
improved compared to the embodiment of Figs. 26 to 
27(b), in which the clutch pressures PFCL, PRCL are 
temporarily maintained at the Initial values PFCLO 
PRCLO. ' ' 

[0305] The clutch pressures PFCL, PRCL for a spe- 
. cific current values IFCL, IRCL vary for each clutch 
valve 23, 24 due to dimensional en-ors and errors pro- 
duced by assembling. Thus, if the decrease rate of the 
current values IFCL, IRCL are set constant regardless 
of the engine speed NE, the initial values IFCLO, IRCLO 
of the cun-ent values IFCL, IRCL and the decrease rate 
are preferably determined under the assumption that 
the initial values PFCLO, PRCLO of the clutch pressures 
PFCL, PRCL are obtained by the current values IFCL, 
IRCL that are the greatest in the tolerance range. 
[0306] As in the embodiment of Figs. 26 to 27(b), 
the clutch pressures PFCL, PRCL may be set to the 
maximum values PFCLmax. PRCLmax when the differ- 
ence AVA of the input speed Vin and output speed Vout 
falls below the determination value AVQO in the embod- 
iment of Figs. 28(a) to 29(b). In the embodiment of Figs. 
26 to 27(b), the clutch pressures PFCI, PRCL may be 
set to the maximum values PFCLmax, PRCLmax when 
the measured period TSA reaches the predetermined 
period TA. 

[0307] Unlike the embodiments of Rgs. 26 to 29(b), 
the clutch valves 23, 24 may be replaced by clutch, 
valves in which the clutch pressures PFCL, PRCL 
increase as the current values IFCL, IRCL increase. 
[0308] A tenth embodiment of the present invention 
will now be described with reference to Figs. 30 to 31 . In 
the embodiments of Figs. 1 to 25, the speed ND of the 
output shaft 20 of the transmission 1 2 is detected by the 
rotational speed sensor 30 and is used as the speed of 
the front wheels 14. During the ABS control and the 
TRC control, locking and spinning of the front wheels 
14, which are driving wheels, are judged based on the 
detection signal of the sensor 30. 
[0309] The output shaft 20 is coupled to the front 
wheels 14 by the differential 13, The differential 13 per- 
mits a speed difference between the front wheels 14. so 
Therefore, locking or spinning of one of the front wheels 
14 cannot be detected based on the speed ND of the 
output shaft 20. Thus, if one of the wheels 14 locks or 
spins, no measures are taken to prevent locking or spin- 
ning. The objective of the tenth embodiment is to pre- ss 
vent locking and spinning from occurring at one of the 
front wheels 14. 

[0310] As shown in Fig. 30, the mechanical struc- 



ture of the vehicle according to the tenth embodiment is 
different from the vehicle shown in Rg. 1 In that a wheel 
brake 46 is provided for each front wheel 1 4 and a front 
wheel sensor 50 Is located in the vicinity of each front 
5 wheel 1 4 to detect the rotating speed of the correspond- 
ing front wheel 1 4. Unlike the vehicle of Fig. 1 , the vehi- 
cle of Rg. 30 does not have the rotational speed sensor 
30. Otherwise, the structure is the same as the vehicle 
of Rg. 1 . The wheel brakes 46 may be omitted. 
^0 [0311] A skidding prevention control according to 
the tenth embodiment will now be described with refer- 
ence to the flowchart of Fig. 1 3. The routine of Rg. 31 is 
executed at predetemined intervals (for example, ten to 
fifty milliseconds) while the engine 10 is running. When 
75 necessary, the left front wheel 1 4 will be referred to as a 
left driving wheel 14L, and the right front wheel 14 will 
be referred to as a right driving wheel 14R. 
[0312] In step S601 , the CPU 56 reads the speed 
VL of the left driving wheel 14L based on a detection 
20 signal from the left front wheel sensor 50. In step S602, 
the CPU 56 reads the speed VR of the right driving 
wheel 14R based on a detection signal from the right 
front wheel sensor 50, • 

[0313] In step S603, the CPU 56 computes the 
25 speed ND of the output shaft 20 based on the speeds 
VL, VR of the driving wheels 14L, 14R. The differential 
13, which is shown in Fig. 30, operates such that the 
half of the sum of the speeds. VL and VR.of the driving 
wheels 14L and 14R is equal to the speed ND of the 
30 output shaft 20. Therefore, the speed ND of the output 
shaft 20 is obtained by the following equation. 

ND=(VL+VR)/2 

35 [0314] Since the vehicle of the tenth embodiment 
does not have the rotational speed sensor 30, the 
speed ND computed in step S603 is used instead of the 
output shaft speed ND detected by the sensor 30 of Rg. 
1 . For example, the vehicle speed V is computed based 
40 on the speed ND, which is computed in step S603. 
[0315] In step S604, the CPU 56- computes the 
acceleration AVL of the left driving wheel 14L. The 
acceleration AVL is computed based, for example, on 
the difference between the speed VL detected last time 
the routine of Fig. 31 was executed and the speed VL 
detected in the cun-ent execution of the routine of Rg. 
31. 

[0316] In step S605, the CPU 56 computes the 
acceleration AVR of the right driving wheel 14R in the 
same manner as the acceleration AVL of the left wheel 
14L is computed. 

[0317] In step S606, the CPU 56 judges whether 
the vehicle is accelerating. This judgment is based on 
whether the average of the accelerations AVL and AVR 
of the driving wheels 14L and 14R has a positive value. 
If the average of the accelerations AVL and AVR is pos- 
itive, the CPU 56 judges that the vehicle is accelerating. 
If the average of the accelerations AVL and AVR is neg- 
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ative, the CPU 56 judges that the vehicle is decelerat- 
ing. Whether the vehicle Is accelerating may be judged 
based on whether the speed ND of the output shaft 20, 
which is detected in step S603. has increased since the 
last time the routine was executed. 
[0318] If the vehicle is judged to be accelerating in 
step S606. the CPU 56 moves to step S607. In step 
S607, the CPU 56 selects the higher one of the acceler- 
ations AVL and AVR as an acceleration a. In this case, 
the acceleration a has a positive value. 
. [031 9] If the vehicle is judged to be decelerating in 
step S606, the CPU 56 moves to step S608. In step 
8608, the CPU 56 selects the one of the accelerations 
AVL and AVR that has the greater absolute value as the 
acceleration. In this case, the acceleration a is a nega- 
tive value and represents deceleration. 
[0320] The CPU 56 moves to step S609 either from 
steps S607 or S608. In step S609, the CPU 56 executes 
vehicle control procedures including the ABS control, 
the TRC control and the direction switching control 
using the selected acceleration a. The vehicle control 
procedures include, for example, any of the control pro- 
cedures described in the embodiments of Figs. 1 to 25. 
[0321] According to the routine of Fig. 31, control 
procedures for stopping locking or spinning are exe- 
cuted if one of the wheels 14L, 14R is locked or spins. 
That is, when the vehicle is accelerating, the higher one 
of the accelerations AVL and AVR of the driving wheels 
14L and 14R is selected as the acceleration a (a>0). 
When the acceleration a exceeds a value that repre- 
sents spinning of the wheel 14 (for example, the deter- 
mination value a1 0 of step S21 1 in Fig. 1 0(a)), a control 
procedure for stopping the spinning is executed In step 
S609of Fig. 31. 

[0322] If the vehicle is decelerating, the one of the 
accelerations AVR and AVL that has the greater abso- 
lute value is selected as the acceleration a (a<0). If the 
acceleration a falls below a value that represents lock- 
ing of the wheel 14 (for example, the determination 
value aO of step S60 in Fig. 6), a procedure control for 
stopping the locking is executed in step S609. 
[0323] In this embodiment, the front wheel sensors 
50, each of which is located in the vicinity of one of the 
front wheels 14, separately detects the speed of each 
front wheel 14. Then, according to the state of one of 
the wheels 14, the speed of which is changing more 
rapidly, a control procedure for stopping skidding is exe- 
cuted. Therefore, if at least one of the front wheels 14 is 
locked or spins, a control procedure for stopping the 
locking or the spinning is executed. 
[0324] An eleventh embodiment of the present 
invention will now be described with reference to Figs. 
32 to 33. Mainly, the differences from the embodiment of 
Figs. 30 and 31 will be discussed below. As shown in 
Fig. 32, the eleventh embodiment is different from the 
embodiment of Figs. 30 and 31 in that a rear wheels 73 
is provided for each of the rear wheels 72, which are 
driven wheels. The structures of and about the front 



wheels 14 are the same as that shown in Fig. 30. That 
is, the vehicle of the eleventh embodiment has the rear 
wheel sensors 73 in addition to the front wheel sensors 

50. 

5 [0325] Fig, 32 diagrammatically shows the structure 
about the rear wheels 72. An rear axle beam 71 is 
located at the rear of the vehicle. The rear wheels 72 
are supported at the lateral ends of the rear axle beam 
71. The rear wheels 72 are driven wheels and are 

10 steered by a steering wheel (not shown) provided in the 
cab. Each rear wheel sensor 73 detects the speed of 
the con-esponding rear wheel 72. A wheel angle sensor 
74 detects the angle G of the rear wheels 72. 
[0326] A skidding prevention control according to 

75 the eleventh embodiment will now be described with ref- 
erence to the flowchart of Fig. 33. The routine of Fig. 33 
is executed at predetemnined intervals (for example, ten 
to fifty milliseconds) while the engine 10 is running. 
When necessary, the front rear wheel 14 will be referred 

20 to as a left driving wheel 14L, and the right front wheel 
14 will be refen-ed to as a right driving wheel 14R. Also, 
the left rear wheel 72 will be refen-ed to as a left driven 
wheel 72L, and the right rear wheel 72 will be referred to 
as a right driven wheel 72R. 

25 [0327] In step S621, the CPU 56 computes the 
moving speed VDL of the left driving wheel 14L relative 
to the road. surface based on the speed VL of the left 
driving wheel 14L, which is detected by the left front 
wheel sensor 50, and the. diameter of the left driving 

30 wheel 14L. 

[0328] In step S622, the CPU 56 computes the 
moving speed VDR of the right driving wheel 14R rela- 
tive to the road surface based on the speed VR of the 
right driving wheel 14R, which is detected by the right 

35 front wheel sensor 50, and the diameter of the right driv- 
ing wheel 14R. 

[0329] The detected moving speeds VDL, VDR are 
computed based on the speed VL, VR of the driving 
wheels 14L, 14R. Therefore, when the driving wheels 

40 14L, 14R spin or are locked, the detected moving 
speeds VDL, VDR are different from the actual moving 
speeds of the driving wheels 1 4L, 1 4R. 
[0330] In step S623, the CPU 56 conriputes a pre- 
dicted moving speed VFL of the left driving wheel 14L 

45 relative to the road surface. In step S624, the CPU 56 
computes a predicted moving speed VFR of the right 
driving wheel 14R relative to the road surface. 
[0331] The predicted moving speeds VFL, VFR are 
computed, in the following manner. First, the average of 

50 the speed of the left driven wheel 72L, which is detected 
by the left rear wheel sensor 73, and the speed of the 
right driven wheel . 72R, which is detected by the right 
rear wheel sensor 73, is computed. Then, the vehicle 
moving speed VF at the midpoint of the driven wheels 

55 72L and 72R is computed based on the average and the 
diameters of the- driven wheels 72L, 72R. The vehicle 
moving speed VF is used as a value representing the 
vehicle speed V. 
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[0332] A correction factor KL for the left driving 
wheel 14L and a con-ection factor KR for the right driv- 
ing wheel 14R are computed based on the angle 6 of 
the driven wheels 72L. 72R. which is detected by the 
angle sensor 74. The vehicle moving speed VF is multi- 5 
plied by the correction factor KL for obtaining the pre- 
dicted moving speed VFL of the left driving wheel 14L. 
Also, the vehicle moving speed VF is multiplied by the 
con-ection factor KR for obtaining the predicted moving 
speed VFR of the right driving wheel 1 4R. 
[0333] ' The predicted moving speeds VFL, VFR are 
computed based on the speeds of the driven wheels 
72L, 72R in steps S623 and S624. The driven wheels 
72L, 72R contact the road surface and rotate as the 
vehicle moves. The driven wheels 72L, 72R are not 75 
braked. Therefore, unlike the driving wheels 14L. 14R. 
the driven wheels 72L. 72R do not skid when the vehicle, 
is accelerating or decelerating. Thus, the predicted 
moving speeds VFL, VFR substantially accurately rep- ' 
resent the actual moving speeds, of the driving wheels 20 
14L, 14R regardless of whether the driving wheels 14F. 
14R are spinning or locked. 

[0334] In step S625, the CPU 56 computes a skid 
value SL of the left driving wheel 14L based on the 
detected moving speed VDL and the predicted moving 25 
speed VFL. The left skid value SL is computed by one 
of the following equations. 



SL=(VDL-VFL)/VFL 



or 



30 



SL=VDL-VFL 

[0335] The left skid value SL computed by the first 35 
equation represents a skid rate. The left skid value SL 
computed by the second equation represents a speed 
deviation. Regardless of which of the equations is used 
for computing the skid value SL, the skid value SL is a 
positive value when the left driving wheel 14L is spin- 40 
ning and is a negative value when the left driving wheel 
14L is locked. 

[0336] In step S626, the CPU 56 computes a skid . 
value SR of the right driving wheel 14R based on the 
detected moving speed VDR and the predicted moving 45 
speed VFR. The right skid value SR is computed by one 
of the following equations. 



or 



SR=(VDR-VFR)A/FR 



SR=VDR-VFR 
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[0337] Regardless of which of the equations is used 55 
for computing the skid value SR, the skid value SR is a 
positive value when the right driving wheel 14R is spin- 
ning and is a negative value when the right driving 



wheel 14R is locked. 

[0338] In step S627, the CPU 56 judges whether 
the vehicle is accelerating. The judgment is based on 
whether the vehicle moving speed VF (see the descrip- 
tion of steps S623, S624), which is detected at the mid- 
point of the driven wheels 72L, 72R, has increased 
since the last time the routine of Fig. 33 was executed. 
[0339] If the vehicle Is judged to be accelerating in 
step S627, the CPU 56 moves to step S628 and adopts 
the higher one of the skid values SL and SR as a skid 
value SV for detecting spinning. In this case, the skid 
value SV is positive. 

[0340] If the vehicle is judged to be decelerating in 
step S627, the CPU 56 moves to step S629. In step 
S629, the CPU 56 selects the one of the skid values SL 
and SR that has the greater absolute value as the skid 
value SV for detecting locking. In this case, the skid 
value SV is negative. 

[0341] The CPU 56 moves to step S630 either from 
step S628 or step S629. In step S630, the CPU 56 exe- 
cutes vehicle control procedures Including the ABS con- 
trol, the TRC control and the direction switching control 
using the selected skid value SV. Like step S609 in Rg. 
31 , the vehicle control procedures include, for example, 
any of the control procedures described in the embodi- 
ments of Figs. 1 to 25. In this case, the skid value SV is 
used instead of the acceleration a. Also, the spinning 
detection value and the locking detection value, which 
correspond to the acceleration a, are replaced by a 
spinning detection value and a locking detection value, 
which con-espond to the skid value SV. 
[0342] When the vehicle is accelerating, the higher 
one of the skid values SL, SR is selected as the skid 
value SV (SV>0) for detecting spinning. When the skid 
value SV exceeds a spinning determination value, a 
procedure for stopping spinning is executed in step 
S630 of Fig. 33. If the skid rate is used as the skid value 
SV, the spinning determination value will be set at about 
0,2. 

[0343] When the vehicle is decelerating, one of the 
skid values SL, SR that has the greater absolute value 
is adopted as the skid value SV (SV<0) for detecting 
locking. If the skid value SV falls below a locking deter- 
mination value, a procedure for stopping locking is exe- 
cuted in step S630 of Fig. 33. 
[0344] In this embodiment, the skid values SL, SR, 
which represent the skidding state of the left and right 
front wheels 14, respectively, are computed. " Proce- 
dures for stopping skidding are executed based on the 
one of the skid values SL and SR that has the greater 
absolute value. Therefore, as in the embodiment of 
Figs. 30 and 31, if at least one of the front wheels 14 is 
locked or spins, a control for stopping the locking or the 
spinning is executed. 

[0345] One of the rear wheel sensors 73 may be 
omitted and the speed of one of the rear wheels 72 may 
be detected. 

[0346] A twelfth embodiment of the present inven- 
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tion will now be described. In this embodiment, the dif- 
ferential 13 has a structure that prevent locking and 
spinning of the front wheels 14 even if only one of the 
wheels 14 is locks or spins. Therefore, the front wheel 
sensors 50, which are shown in Rg. 30. and the rear 
wheel sensors 73, which are shown in Fig. 32, are not 
required. The vehicle of the twelfth embodiment is the 
same as the vehicle of Fig. 1 except for the differential 
13. That is, the vehicle of the twelfth embodiment has a 
rotational speed sensor 30 for detecting the speed ND 
of the output shaft 20. The twelfth embodiment will be 
described with reference to Fig. 1 . 
[0347] The differential 1 3 of the twelfth embodiment 
has a differential limit mechanism (not shown). When 
there is a speed difference between the shafts 14a, the 
differential limit mechanism limits a relative rotation 
between the differential case and a differential gear or 
between differential gears. Torque generated by limiting 
the relative rotation increases the toque that is trans* 
mitted to the lower speed shaft 14a. The differential limit 
mechanism is, for example, a rotational speed sensitive 
type and includes a viscous fluid coupling. The viscous 
fluid coupling limit relative rotation between gears in the 
differential 13 by the viscous resistance. 
[0348] The differential limit mechanism substan- 
tially prevents skidding of the front wheels 1 4 when one 
of the wheels 14 skids. Skidding of both wheels 14 is 
detected based on the speed ND of the output shaft 20, 
which is detected by the rotational speed sensor 30. 
That is, as the embodiments of Figs. 1 to 25, the accel- 
eration a is computed based on the speed ND of the 
output shaft 20. Skidding of both wheels 14 is judged 
based on the acceleration a When the wheels 14 are 
judged to be skidding, the procedures for stopping skid- 
ding are executed. 

[0349] The differential limit mechanism need not be 
a rotational speed sensitive type, but may be a friction 
type or a ZF type. Friction type differential limit mecha- 
nisms include a torque proportion type, a preload type 
and a Gleason type, which is a combination of a torque 
proportion type and a reload type. 
[0350] In this embodiment, the rear wheel sensors 
73, which are shown in Fig. 32, may be used and a pro- 
cedure of the routine shown in Fig. 33 may be executed. 
In this case, the detected moving speeds VOL, VDR of 
the front wheels 14 are computed based on the speed 
ND of the output shaft 20, which is detected by the rota- 
tional speed sensor 30, and have the same value. 
[0351] Instead of the rotational speed sensor 30, at 
least one front wheel sensor 50 may be used and a 
detection value of the front wheel sensor 50 may be 
used as a replacement for the detection value of the 
sensor 30. 

[0352] A thirteenth embodiment of the present 
invention will now be described with reference to Fig. 
34. In the thirteenth embodiment, the embodiments of 
Figs. 30 to 33 are applied to a battery-powered forklift. 
Like or the same reference numerals are given to those 



components that are like or the same as the con-e- 
sponding components of the embodiment of Figs 1 , 30 

and 32. 

[0353] As shown in Fig. 34, a drive source, which is 
5 an electric motor 1 60, is actuated by a drive circuit 1 61 
and the controller 45. The motor 1 60 is coupled to the 
differential by a decelerator 162 and an output shaft 
1 63. Each front wheel sensor 50 is located in the vicinity 
of one of the front wheels 14. Each rear wheel sensor 
10 73 is located in the vicinity of one of the rear wheels 72. 
The angle sensor 74 detects the steered angle of the 
rear wheels 72. 

[0354] A hydraulic brake 1 64, which functions as a 
iservice brake, is located adjacent to each front wheel 

15 14. The hydraulic brakes 164 are connected to a brake 
valve 1 65 by a pipe 1 66. The brake valve 1 65 receives 
hydraulic oil from an oil pump (not shown). The control- 
ler controls an electromagnetic valve 167, which is 
installed in the brake valve 1 65, based on a detection 

20 signal from the pressure sensor 36. As a result, the flow 
rate of oil flowing to the hydraulic brakes 164 is 
adjusted. Accordingly, the brakes 164 generate braking 
force, the magnitude of which corresponds to the 
depression force applied to the brake pedal 33. 

25 [0355] The controller 45 controls the motor 160 
through the. drive circuit 161 in accordance with the 
pedal depression degree ACC, which is detected by the 
acceleration pedal sensor 32. Also, the controller 45 
controls the rotation direction of the motor 160 through 

30 the drive circuit 1 61 according to the position of the shift 
lever 37. When the shift lever 37 is shifted for direction 
switching, the controller 45 commands the drive circuit 
161 such that the motor 160 generates a regenerative 
torque. The regenerative torque brakes the vehicle. 

35 [0356] The skidding prevention control of the rou- 
tine shown in Fig. 33 is executed in the vehicle of Rg. 
34. In step S630 of Fig. 33, the torque of the motor 1 60 
is reduced for stopping spinning of the front wheels 14 
when the vehicle is accelerating. To prevent the front 

40 wheels 14 from locking during deceleration of the vehi- 
. cle, the hydraulic pressure in the hydraulic brakes 1 64 rs 
lowered. Alternatively, the torque of the motor 160 may 
be limited when the vehicle is decelerating. 
[035*7] The rear wheel sensors 73 may be omitted 

45 from the vehicle of Fig. 34 and the skidding prevention 
control may be executed according to the routine of Fig. 
31. 

[0358] The differential 13 shown in Fig. 34 may be 
replaced by the differential according to the twelfth 

50 embodiment, which includes the differential limit mech- 
anism. In this case, as in the twelfth embodiment, a 
rotational speed sensor for detecting the speed of the 
output shaft 1 63 is used, and at least front wheel sen- 
sors 50 among the sensors 50 and 73 are omitted. 

55 [0359] The embodiments of Figs. 1 to 25 may be 
applied to the battery-powered forklift shown in Fig. 34. 
[0360] When In the vehicle of Fig. 34, the hydraulic 
brakes 164 function as sen/ice brakes and are control- 
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led based on depression of the brake pedal 33. How- 
ever, the function of the service brake may be replaced 
by a procedure using a regenerative torque of the motor 
160. 

[0361] The embodiments of Rgs. 1 to 34 may be 5 
modified as follows. 

[0362] The acceleration a may be detected by a 
sensor that is designed specially for detecting accelera- 
tion. 

[0363] The mode switch 39, which discretely io 
changes the deceleration mode, may be replaced by a 
switch that continuously changes the deceleration 
mode. 

[0364] The transmission 12 may be a dry-clutch 
type. 75 
[0365] The rotational speed sensors 16, 28, 30, 
which are shown in Fig. 1 , may be magnetic sensors, 
optical sensors or rotary encoders. The front wheels 
sensors 50, which are shown in Fig. 30, and the rear 
wheel sensors 73, which are shown in Fig. 32, also may 20 
be magnetic sensors, optical sensors or rotary encod- 
ers. 

[0366] The clutch valves 23, 24 and the parking 
brake valves 26, which are actuated based on the value 
of a flat level current, may be replaced by electromag- 25 
netic valves, which are actuated by a duty-controlled 
pulse cun-ent. 

[0367] An inching pedal (not shown) may be pro- 
vided in the cab of the vehicle shown in Rg. 1 . When the 
inching pedal is depressed, one of the clutches 21, 22 30 
that is being used for moving the vehicle is partially 
engaged. Therefore, the inching pedal is uiseful when 
carrying a load and moving the vehicle very slowly. 
• When the brake pedal 33 is depressed, the inching 
pedal is not moved. However, when the inching pedal is 35 
depressed by more than a predetemnined depression 
degree, the brake pedal 33 is moved in the synchro- 
nized manner. 

[0368] The present invention may be applied to 
industrial vehicles other than forklifts. For example, the 40 
present invention may be applied to a bucket loader. 
Also, the present invention is not limited to four-wheel 
industrial vehicles but may be applied to three-wheel 
industrial vehicles. Further, the present invention may 
be applied to a rear-wheel drive vehicle or an all-wheel 45' 
drive vehicle. 

[0369] The present examples and embodiments 2. 
are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modified within the scope and equiv- so 
. alence of the appended claims. 
[0370] An industrial vehicle includes a transmis- 
sion, which is coupled to an engine by a toque con- 
verter. When the vehicle is accelerating, the rotational 
acceleration of driving wheels is computed based on the 55 
rotational speed of the driving wheels. A traction control 
procedure is executed based on the rotational accelera- 
tion for eliminating spinning of the driving wheels. When 



the vehicle is decelerating, the rotational deceleration of 
the driving wheels is computed based on the rotational 
speed of the driving wheels. An anti-lock brake control 
procedure is executed based on the rotational decelera- 
tion for preventing the driving wheels from locking. As a 
result, skidding of the. driving wheels is reliably pre- 
vented by a simple structure. 

Claims 

1 . An industrial vehicle comprising: 

an engine; 
a torque converter; 

a trainsmission coupled to the engine by the 
torque converter; 

a driving wheel, wherein the driving wheel is 
rotated by power that is transmitted from the 

transmission; 

a hydraulic brake for braking the driving wheel, 
wherein the hydraulic brake generates a brak- 
ing force, the magnitude of which corresponds 
to a hydraulic pressure applied to the hydraulic 
brake: 

a brake valve for adjusting the hydraulic pres- 
sure applied to the hydraulic'brake; and 
a brake actuator, which is moved by a human 
operator to actuate the hydraulic brake, the 
industrial vehicle being characterized by: 
a sensor for detecting the rotational speed of 
the driving wheel; and 

a controller, wherein the controller controls the 
brake valve such that the hydraulic brake 
brakes the driving wheel with a force of a nor- 
mal value, which corresponds to a force 
applied to the brake actuator, wherein the con- 
troller cornputes the rotational deceleration of 
the driving wheel while braking based on the 
detected rotational speed, and wherein, when 
the computed rotational deceleration exceeds 
a predetermined deceleration detemnination 
value, the controller controls the brake valve 
such that the braking force, of the hydraulic 
brake is set to a limit value, which is smaller 
than the normal value. 

The industrial vehicle according to claim 1, wherein 
the hydraulic brake is one of a forward clutch and a 
reverse clutch, which are included in the transmis- 
sion, the forward clutch being engaged when the 
vehicle is moving forward, the reverse clutch being 
engaged when the vehicle is moving backward, 
each clutch producing an engaging force corre- 
sponding to an applied hydraulic pressure, wherein 
the brake valve is one of a fonward clutch valve for 
adjusting a hydraulic pressure applied to the for- 
ward clutch and a reverse clutch valve for adjusting 
a hydraulic pressure applied to the reverse clutch, . 
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wherein, when the vehicle is moving fon/vard, the 
reverse clutch functions as the hydraulic brake and 
the reverse clutch valve functions as the brake 
valve, and wherein, when the vehicle is nnoving 
backward, the fonvard clutch functions as the 5 
hydrauiie brake and the forward clutch valve func- 
tions as the brake valve. 

3. The industrial vehicle according to claim 1 , wherein 

the hydraulic brake is a hydraulic-clutch type park- 10 
Ing brake. 

4. The industrial vehicle according to any one of 
claims 1 to 3, wherein, when the vehicle speed is 
lower than a predetermined determination value, 15 
the controller maintains the braking force of the 
hydraulic brake at the normal value regardless of 
the rotational deceleration. 

5. The industrial vehicle according to any one of 20 
claims 1 to 4, wherein the controller controls the 
brake valve such that the braking force of the 
hydraulic brake is increased to the nornnal value 
after being decreased to the limit value, and 
wherein the normal value of the braking force is 25 
gradually decreased each time the braking force Is 
increased to the normal value from the limit value. 

6. The industrial vehicle according to claim 5, wherein, 
when the rotational deceleration exceeds a prede- 30 
termined reference value, the controller computes 

the difference between the rotational deceleration 
and the reference value, and wherein, when the 
braking force of the hydraulic brake is increased 
from the limit value to the normal value, the control- 35 
ler decreases the normal value by a degree that 
corresponds to an accumulated value of the differ- 
ence. 

7. The industrial vehicle according to claim 6, further 40 
comprising a mode selector for selecting one decel- 
eration mode among plural deceleration modes for 
detennining a deceleration feel while braking, and 
wherein the controller modifies the reference value 

in accordance with the selected deceleration mode. . 45 

8. The industrial vehicle according to any one of 
claims 1 to 7, wherein the controller increases the 
braking force of the hydraulic brake as the load 
weight on the vehicle increases. so 

9. The industrial vehicle according to claim 1 , wherein 
the hydraulic brake is located in a power transmis- 
sion path between the torque converter and the 
driving wheel, and wherein the industrial vehicle 55 
includes a wheel brake located at the driving wheel 

to directly brake the driving wheel in response to 
actuation of the brake actuator. 



10. The industrial vehicle according to any one of 
claims 1 to 9, wherein the driving wheel is one of 
left and right driving wheels, and the sensor is one 
of a plurality of sensors, each corresponding to one 
of the driving wheels, wherein the controller com- 
putes the rotational deceleration of each driving 
wheel based on the rotational speed detected by 
the corresponding sensor, and wherein, when the 
rotational deceleration of at least one of the driving 
wheels exceeds the deceleration determination 
value, the controller changes the braking force of 
the hydraulic brake to the limit value. 

11. The industrial vehicle according to claim 1 , wherein 
the transmission includes a hydraulic forward 
clutch, which is engaged when the vehicle is mov- 
ing forward, and a hydraulic reverse clutch, which is 
engaged when the vehicle is moving backward, and 
wherein each clutch produces an engaging force, 
the magnitude of which con'esponds to a hydraulic 
pressure applied to the clutch, the industrial vehicle 
further comprising: 

a forward clutch valve for adjusting a hydraulic 
pressure applied to the forward clutch; 
a reverse clutch valve for adjusting a hydraulic 
pressure applied to the reverse clutch; and 
a shift actuator, which is shifted between a for- 
ward position for moving the vehicle forward 
and a reverse position for moving the vehicle 
backward, wherein, when the shift actuator is 
shifted to the fonward position, the controller 
controls the forward clutch valve to engage the 
fonrt^ard clutch, and when the shift actuator is 
shifted to the reverse position, the controller 
controls the reverse clutch valve to engage the 
. reverse clutch, and wherein, when direction 
switching is perfomrted, in which the shift actu- 
ator is moved from the fonward position to the 
reverse position or from the reverse position to 
the forward position while the vehicle is mov- 
ing, the controller executes a vehicle decelera- 
tion control procedure for switching the moving 
direction of the vehicle. 

12. The industrial vehicle according to claim 11, 
wherein, during the vehicle deceleration control 
procedure, the controller limits the engine speed to 
be equal to or lower than a predetemnined upper 
limit value. 

13. The industrial vehicle according to claim 12, 
wherein the controller changes the upper limit value 
in accordance with the weight of a load carried by 
the vehicle. 

14. The industrial vehicle according to any one of 
claims 11 to 13, wherein, during the vehicle decel- 
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eration control procedure, the controller controls 
one of the clutch valves that corresponds to a post- 
shifting clutch, which is one of the clutches that cor- 
responds to the position of the shift actuator after 
the shift actuator is shifted, such that the post-shift- 5 
ing clutch brakes the driving wheel. 

15. The industrial vehicle according to claim 14, 
wherein, during the vehicle deceleration control 
procedure, the controller controls one of the clutch 10 
valves that coresponds to the post-shifting clutch 
such that the post-shifting clutch is partially 
engaged. 

16. The industrial vehicle accprding to claims 14 or 15, 75 
further comprising a mode selector for selecting 
one deceleration mode among plural deceleration 
modes for determining a deceleration feel while 
braking, and wherein, during the vehicle decelera- 
tion control procedure, the controller changes the 20 
engaging force of the post-shifting clutch in accord- 
ance with the selected deceleration mode. 

17. The industrial vehicle according to any one of 
claims 14 to 16, wherein, during the vehicle decel- 25 
eration control procedure, the controller changes 

the engaging force of the post-shifting clutch in 
accordance with the weight of a load carried by the 
vehicle. 

30 

. 18. The industrial vehicle according to any one of 
claims 14 to 17, wherein, during the vehicle decel- 
eration control procedure, the controller computes 
the rotational deceleration of the driving wheel 
based on the rotational speed detected by the sen- 3S 
sor, and wherein, when the computed rotational 
deceleration exceeds the deceleration determina- 
tion value, the controller controls one of the clutch 
valves that con-esponds to the post-shifting clutch 
to decrease the engaging force of the post-shifting 40 
clutch. 

19. The industrial vehicle according to claim 18, 
wherein the driving wheel is one of left and right 
driving wheels, and the sensor is one of a plurality 4S 
of sensors, each corresponding to one of the driv- 
ing wheels, wherein the controller computes the 
rotational deceleration of each driving wheel based 

on the rotational speed detected by the correspond- 
ing sensor, and wherein, when the rotational decel- so 
eration of at least one of the driving wheels exceeds 
the deceleration determination value, the controller 
decreases the engaging force of the post-shifting 
clutch. 

55 

20. The industrial vehicle according to any one of 
claims 14 to 19, wherein, when direction switching 
is performed, the controller computes a predicted 



period, from when the direction switching is per- 
formed until when the vehicle speed reaches a level 
at which the vehicle cari be started in a direction 
that is opposite to the current moving direction with- 
out creating shock, based on the rotational speed 
detected by the sensor, and wherein the controller 
continues the vehicle deceleration control proce- 
dure at least until the predicted period has elapsed. 

21. The industrial vehicle according to claim 20, 
wherein, when direction switching is perfomned. the 
controller computes the vehicle speed based on the 
rotational speed detected by the sensor and com- 
putes the vehicle deceleration in accordance with 
the engaging force of the post-shifting clutch, and 
wherein the controller computes the predicted 
period based on the computed vehicle speed and 
the computed vehicle deceleration. 

22. The industrial vehicle according to claims 20 or 21, 
wherein, when the predicted period has elapsed 
and the vehicle speed, which is computed based on 
the detected rotational speed, is judged to have 
fallen below a predetemnined value, the controller 
terminates the vehicle deceleration control proce- 
dure. 

23. The industrial vehicle according to claims 20 or 21 , 
wherein, when the predicted period has elapsed 
and the difference between an input rotational 
speed and an output rotational speed of the post- 
shifting clutch falls below a predetemiined value, 

. the controller terminates the vehicle deceleration 
control procedure. 

24. The industrial vehicle according to any one of 
claims 14 to 17, wherein the controller judges 
whether the driving wheel has changed from a 
decelerating state to an accelerating state based on 
the rotational speed detected by the sensor, and 
wherein the controller continues the vehicle decel- 
eration control procedure at least until the driving 
wheel has changed to an accelerating state. 

25. The industrial vehicle according to claim 24, 
wherein, when the driving wheel has changed to an 
accelerating state and the difference between an 
input rotational speed and an output rotational 
speed of the post-shifting clutch falls below a pre- 
detennlned value, the controller tenminates the 
vehicle deceleration control procedure. 

26. Ttie industrial vehicle according to claims 24 or 25, 
wherein, during the vehicle deceleration control 
procedure, the controller computes the rotational 
deceleration of the driving wheel based on the rota- 
tional speed detected by the sensor, and wherein, 
when the computed rotational deceleration 
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exceeds the deceleration determination value, the 
controller controls one of the clutch valves that cor- 
responds to the post-shifting clutch to decrease the 
engaging force of the post-shifting clutch, and 
wherein the controller stops judging whether the 5 
driving wheel has changed fronn a decelerating 
state to an accelerating state for a predetermined 
period during which the driving wheel can be 
shifted to an accelerating state due to a decrease of 
the engaging force of the post-shifting clutch. 70 

27. The industrial vehicle according to any one of 
claims 1 4 to 26, wherein the controller starts a vehi- 
cle starting control procedure after terminating the 
vehicle deceleration control procedure, and is 
wherein, during the vehicle starting control proce^ 
dure, the controller controls one of the clutch valves 
that corresponds to the post-shifting clutch such 
that the post-shifting clutch rotates the driving 
wheel. 20 

28. The industrial vehicle according to claim 27, 
wherein, during the vehicle starting control proce- 
dure, the controller computes the rotational acceler- 
ation of the driving wheel based on the rotational 25 
speed detected by the sensor, and wherein, when 

the computed acceleration exceeds a predeter- 
mined acceleration determination value, the con- 
troller controls one of the clutch valves that 
corresponds to the post-shifting clutch to decrease 30 
the engaging force of the post-shifting clutch so that ' 
the power transniitted to the driving wheel 
decreases. 

29. The industrial vehicle according to claim 28, 35 

wherein the driving wheel is one of left and right 
driving wheels, and the sensor is one of sensors, 
each corresponding to one of the driving wheels, 
wherein the controller computes the rotational 
acceleration of each driving wheel based on the 40 
rotational speed detected by the corresponding 
sensor, and wherein, when the rotational accelera- 
tion of at least one of the driving wheels exceeds 
the acceleration determination value, the controller 
decreases an engaging force of the post-shifting 45 
clutch. 

30. The industrial vehicle according to claim 1 , wherein 
the transmission includes a hydraulic forward 
clutch, which is engaged when the vehicle is mov- 50 
ing forward, and a hydraulic reverse clutch, which is 
engaged when the vehicle is moving backward, and 
wherein each clutch produces an engaging force, 

the magnitude of which corresponds to a hydraulic 
pressure applied to the clutch, the Industrial vehicle 55 
further comprising: 

a foHA^ard clutch valve for controlling the 



hydraulic pressure applied to the fonvard 
clutch; . 

a reverse clutch valve for controlling the 
hydraulic pressure applied to the reverse 
clutch; and 

a shift actuator, which is shifted among a for- 
ward position for moving the vehicle forward, a 
reverse position for moving the vehicle back- 
ward and a neutral position for stopping the 
vehicle, wherein, when the shift actuator is 
shifted to the forward position, the controller 
controls the fonward clutch valve to engage the 
forward clutch, when the shift actuator is 
shifted to the reverse position, the controller 
controls the reverse clutch valve to engage the 
reverse clutch, and when the shift actuator is 
shifted to the neutral position, the controller 
controls the clutch valves to disengage the 
clutches, and wherein, when the shift actuator 
is shifted from the neutral position to the for- 
ward position or to the reverse position, the 
controller controls one of the clutch valves that 
corresponds to a post-shifting clutch, which is 
one of the clutches that corresponds to the 
position of the shift actuator after the shift actu- 
ator is shifted, such that the engaging force of 
the post-shifting clutch is temporarily main- 
tained at an intermediate value, which is 
smaller than a maximum value of an engaging 
force of the post-shifting clutch, and is then 
increased to the maximum value. 

31. An Industrial vehicle comprising: 

an engine; 
' a torque converter; 

a transmission coupled to the engine by the 
torque converter, wherein the transmission 
includes a forward clutch, which is engaged 
when the vehicle is moving fonward, and a 
reverse clutch, which is engaged when the 
vehicle \s moving backward; and 
a driving wheel, wherein the driving wheel is 
rotated by power that is transmitted from the 
transmission, the industrial vehicle being char- 
acterized by: 

a sensor for detecting the rotational speed of 
the driving wheel; and 

a controller for controlling the engine, wherein 
. the controller computes the rotational accelera- 
tion of the driving wheel when the vehicle is 
accelerating based on the detected rotational 
speed, and wherein, when the computed rota- 
tional acceleration exceeds a predetemnined 
acceleration determination value, the controller 
controls the engine output to limit the power 
transmitted to the driving wheel. 
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32. The industrial vehicle according to claim 31, 
wherein the controller computes an accumulated 
value of the difference between the rotational accel- 
eration and the acceleration determination value 
from when the rotational acceleration exceeds the 5 
acceleration determination value due to accelera- 
tion of the vehicle, and wherein the controller limits 
the engine output only when the accumulated value 

is a positive value. 

10 

33. The industrial vehicle according to claim 31, . 
wherein the driving wheel is one of left and right 
driving wheels, and the sensor is one of sensors, 
each con-esponding to one of the driving wheels, 
wherein the controller computes the rotational is 
acceleration of each driving wheel based oh the 
rotational speed detected by the corresponding 
sensor, and wherein, when the rotational accelera- 
tion of at least one of the driving wheels exceeds 

the acceleration detemrilnation value, the controller 20 
limits the engine output. 

34. An Industrial vehicle comprising: 

an engine; 25 
a torque converter; 

a transmission coupled to the engine by the 
torque converter, wherein the transmission 
includes a hydraulic forward clutch, which is 
engaged when the vehicle is moving forward, 30 
and a hydraulic reverse clutch, which is 
engaged when the vehicle is moving backward, 
and wherein each clutch produces an engaging 
force, the magnitude of which corresponds to a 
hydraulic pressure applied to the clutch; 35 
a forward clutch valve for controlling the 
hydraulic pressure applied to the forward 
clutch; 

a reverse clutch valve for controlling the 
hydraulic pressure applied to the reverse 40 
clutch; and 

a driving wheel, wherein the driving wheel is 
rotated by power that is transmitted from the 
transmission, the industrial vehicle being char- 
acterized by: 45 
a sensor for detecting the rotational speed of 
the driving wheel; and 

a controller for controlling the clutch valves, 
wherein the controller computes the rotational 
acceleration of the driving wheel when the so 
vehicle is accelerating based on the detected 
rotational speed, and wherein, when the com- 
puted rotational acceleration exceeds a prede- 
termined acceleration determination value, the 
controller decreases an engaging force of one ss 
of the clutches that con-esponds to the moving 
direction of the vehicle for decreasing the 
power transmitted to the driving wheel by con- 



trolling the corresponding clutch valve. 

35. The industrial vehicle according to claim 34, 
wherein the driving wheel is one of left and right 
driving wheels, and the sensor is one of sensors, 
each corresponding to one of the driving wheels, 
wherein the controller computes the rotational 
acceleration of each driving wheel based on the 
rotational speed detected by the corresponding 
sensor, and wherein, when the rotational accelera- 
tion of at least one of the driving wheels exceeds 
the acceleration detenmination value, the controller 
decreases an engaging force' of one of the clutches 
that con'esponds to the moving direction of the 
vehicle. 

36. The industrial vehicle according to any one of 
claims 31 to 35, further comprising a brake for brak- 
ing the driving wheel, wherein, when the rotational 
acceleration exceeds the acceleration detemnina- 
tion value, the controller causes the brake to brake 
the driving wheel. 

37. The industrial vehicle according to claim 34, further 
comprising a shift actuator, which Is shifted among 
a forward position for moving the vehicle forward, a 
reverse position for moving the vehicle backward 
and a neutral position for stopping the vehicle, 
wherein, when the shift actuator is shifted to the for- 
ward position, the controller controls the fonward 
clutch valve to engage the forward clutch, when the 
shift actuator Is shifted to the reverse position, the 
controller controls the reverse clutch valve to 
engage the reverse clutch, and when the shift actu- 
ator is shifted to the neutral position, the controller 
controls the clutch valves to disengage the 
clutches, and wherein, when the shift actuator is . 
shifted from the neutral position to the forward posi- 
tion or to the reverse position, the controller controls 
one of the clutch valves that corresponds to a post- 
shifting clutch, which is one of the clutches that cor- 
responds to the position of the shift actuator after 
the shift actuator is shifted, such that an engaging 
force of the post-shifting clutch is temporarily main- 
tained at an intemnediate value, which is smaller 
than a maximum value of an engaging force of the 
post-shifting clutch, and is then increased to the 
maximum value. 

38. The industrial vehicle according to claims 30 or 37, 
wherein the controller changes the intermediate 
value in accordance with the weight of a load car- 
ried by the vehicle. . 

39. The industrial vehicle according to claims 30 or 37, 
wherein the controller gradually Increases the inter- 
mediate value at a rate, which is detemnined in 
accordance with the engine speed. 
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40. The industrial vehicle according to claims 30 or 37, 
wherein, when the difference between an input 
rotational speed and an output rotational speed of 
the post-shifting clutch falls below a predetemriined 
value, the controller increases the engaging force of 5 
the post-shifting clutch from the intermediate value 
to the maximum value. 



wherein the skid detector detects the degree of 
change of the rotational speed of each driving 
wheel as the corresponding skid value. 

44. The industrial vehicle according to claims 41 or 42, 
further comprising a pair of steered wheels, 
wherein the skid detector computes a predicted 
moving speed of each driving wheel relative to the 
road surface based on the rotational speed and the 
steered angle of the steered wheels, and the skid 
detector computes a detected moving speed of 
each driving wheel relative to the road surface 
based on the rotational speed of the driving wheel, 
and wherein the skid detector computes a value 
that is proportional to the difference between the 
predicted moving speed and the detected moving 
speed of each driving wheel as the corresponding 
skid value. 



41. An industrial vehicle comprising: 

10 

a drive source; 
a differential; 

a pair of driving wheels coupled to the drive 
source by the differential, wherein the differen- 
tial permits the rotational speeds of the driving is 
wheels to differ; and 

a brake for braking the driving wheels, the 
industrial vehicle being characterized by: 
a skid detector for detecting skid values, each 
representing the degree of skidding of one of so 
the driving wheels; and 

a controller for controlling the drive source or 
the brake for elinninating skidding of the driving 
wheels based on the greater of the detected 
skid values. 25 

42. An industrial vehicle comprising: 



an engine; 

a torque converter; 30 
a transmission coupled to the engine by the 
torque converter, wherein the transmission 
includes a hydraulic forward clutch, which is 
engaged when the vehicle is moving fonA^ard, 
and a hydraulic reverse clutch, which is 3S 
engaged when the vehicle is moving backward, 
and wherein each clutch produces an engaging 
force, the magnitude of which corresponds to a 
hydraulic pressure applied to the clutch; 
a differential; and 40 
a pair of driving wheels coupled to the trans- 
mission by the differential, wherein the differen- 
tial pemnits the rotational speeds of the driving 
wheels to differ, the industrial vehicle being 
characterized by: 4S 
a skid detector for detecting skid values, each 
representing the degree of skidding of one of 
the driving wheels; and 

a controller for controlling the clutches, 
wherein, when the greater of the detected skid so 
values exceeds a predetermined acceleration 
detemriination value while the vehicle is accel- 
erating, the controller decreases the engaging 
force of one of the clutches that con-esponds to 
the moving direction of the vehicle for decreas- 55 
ing the power transmitted to the driving wheels. 



43. The industrial vehicle according to claims 41 or 42, 
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